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PREFACE 

IN this volume thp matters dealt with in Part I 
receive amplification and their application' to 
domestic affairs is considered more fully. In addition 
a considerable^ amount of new matter is included, 
which will be found in the later chapters of the book. 

The complete work is intended to provide the 
groimdworls in science necessary for all students 
under instruction in domestic crafts and no attempt 
has been made to render^it encyclopaedic in character,. 
The author's thanks are tendered for thelo^n ot 
illustrations to Messrs MacmiUan and Co. (Pig, 2); 
The Coalbrookdale Co. (Fig. 23); The Interoven 
Stove Co, (Figs. 25 and 26); The Welsbach-Kern Co. 
(Fig. 27) ; Messrs R. and A. Main (Fig. 29) ; ' Simplex 
Conduits, Ltd. (Fig. 30); /Messrs Spiers and Pond 
(Fig.' 31); Messrs Condrup (Figs. 37 and 38); Messrs 
J. J. Griffin (Fig. 40) ; Messrs Whittaker and Co»(Fig. 
44); General Electric Co. "(Fig. 45); The Berkefeld 
Filter Co. (Fig. 46) ; Messrs Chapman and Hall (Figs. 
55 to 58) ^and Messrs Swan Soiinenschein and Go. 
(Fig. 79). 

CHARLES W. HALE. 
" Chelsea, 

May, 1916. 

NoTB.-^The London County Council accepts no responsibility 
for the author's opinioits and conclusions. 
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CHAPTER I 



J'UBtiS;- COMBUSTION; FLAME 



1. Under the heading of fuels are grotiped njany 
substances differing widely in appearance and in 
properties. Chief among 'them may be mentioned 
wood, peatj soft coal, coke, anthracite, coal-gas, paraffin 
oil, and alcohol. Chendical examination of. these sub- 
stances reveals that they are all' composed of the 
elements carbon and hydrogen, united in various 
proportions, together with smaller amounts, of other 
elements,' of 'which oxygen and nitrogen are most 
important. The a,verage percentage composition of 
some common fuels as given below ihustrates this 
similarity in composition. 





Percentage of 


' 


C 


H 





N 


Ash 


Wood.. 
. 'Peat . . 

House coal 

Anthracite _. . 
- Charcoal 

Goke . . 

Coal-gas 
' Paraffin oil . . 
~ Alcohol 


45 

60 

82 

94 ■ 

95 

96, 

32 

85 

52 


6 

6 

5. . 

3 

1-6' 

0-5 
60 
15 
35 


48 
32 
12 

3 

3-4 

2-5- 

5 

13 


1 

2 
1 

1 
3 


1'5 
5-20 
1-15 

1-5 

4 

3-11 



H. D. s. n. 
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I - 
Tiie percentages of carbon, hydrogen, oxygen, and 

nitrogen given are calculated after deducting the 

amounts of ash (incombustible matter) and water 

present in all the soUd fuels mentioned. The increase 

in the proportion of carbon and the corresponding 

decrease in that of oxygen, consequent on the gradual 

transformation of wood into anthracite by way of peat 

and soft coal, should be noted. . ^ 

2. The change of vegetable matter into an almost 

pure form of carbon, such as anthracite, is only effected 

by natural agencies during the course of very long 

periods of time. Water and compounds of carbon and 

hydrogen are eUminated during the process. A similar 

transformation may be brought about in the laboratory, ■ 

and also upon the large scale, by causing the vegetable 

matter to decompose more rapidly under the influence 

of a high temperature in the absence of air. 

Experiment 1. Place a small J)iece of wood, 
previously weighed, at the bottom of a small crucible 
and cover it with a layer of white sand^ The sand 
^ . should have been heated to a red heat before use and 
stored, after coohng, in a dry bottle> Place the crucible 
upon a pipeclay triangle, and support the latter upon 
a tripod stand. Heat the crucible to bright redness 
with a powerful Bunsen flame for about 15 minutes. 
Allow the apparatus to oool and then remove the 
layer of sand. A fragment of charcoal will be found 
at the bottom of the vessel. This retains the shape 
of the original piece of wood to some extent, but is 
black andj on weighing, wiU be found to weigh about 
one-quarter as much as the wood. Preserve the 
charcoal for use in a feter experiment. 
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3. A similar method of preparation of charcoal is 
in general use on the large scale, but- the__ products of 
the decomposition l^ave now so great a commercial 
value that they are usually not permitted to escape, 
as in the experiment just done, but are collected with 
great care. An approximation to thei method employed 
is described in the next experiment. 

ExPEKiMENT 2. Half fiU a tube made Of hard glass 
with small pieces of wood. Support the tube, upon 
a Bunsen burner, as shown in Fig. 1. Fit up the 
remainder of the apparatus shdwn, the wdsh-bottle 

: being partly filled with water. Heat the tube, gently 
at first to minimise the risk of cracking it, and then 
gradually raJise the temperature until the f uU power 
of the burner, is in use. Reject the first few bubbles 
of gas which escape through the water in the trough, 
as these consist almost entirely^ of air expelled from 
the Apparatus by the gases derived from the decom- 
pQsitibn of the wood. CoUect the remainder of the 
gaseous product in jars over water. Note the pro- 
duction of a' watery distillate which trickles downiihe 
delivery tube into the.water in the wash-bottle, followed 
later by a much thicker tarry substance. When no 
more gas is evolved, stop the heating, disconnect the 

- hard glass tube from the \^ash -bottle, and' allow the 
apparatus to cool down. ' Remove the jar of gas first 

vOoUeeted from the trough, and shake up the contents 
of the jar with a little lime-water. The formation of 
a slight turbidity indicates the presence "of a small 
quantity of carbon dioxide,, produced by the burning 
of a Httle of the wood. Lightjhe gas in a second jar, 
an,d, after its combustion is completed, shake up with 

,• / .. - 1—2- 
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lime-water. The turbidity in ttds case will be much 
more pronounced, showing that the wood-gas contains 
compounds of carbon, which are inflammable andproduce 
carbon dioxide on combustion. If the appearance of 
the inside of the jar be carefully watched during the 
burning of the gas, a deposition of moisture will be 
noted, indicating the presence in the wood-gas of 
hydrogen or of inflammable cpmpounds of hydrogen, 
which form steam when burnt. A better test for the 
presence of the hydrogen is afforded, should sufficient, 
gas be evolved, by burning a jar of dry gas. Pass 
the end of the delivery tube, fixed in the cork of the 
combustion tube, to the bottom of a clean dry jar held 
in an inverted position. Allow the gas to pass into 
the jar for two minutes and then remove it, and bum 
the gas with the jar still held upside down. The 
formation of a deposit of moisture upon the interior of 
the jar is a certain sign that hydrogen is present in 
the wood-gas. Shake out the contents of the tube, 
when cold, and examine the appearance of the charcoal 
obtained by this method, comparing it with that 
previously obtained. 

The process just described, wherein a substance is 
resolved into simpler substances, of which some are 
separable on account of their greater volatility from 
the less readily volatile products, is known. as "dry" 
or "destructive " distillation. Where wood is plentiful, 
the operation is carried out on the large scale in iron 
retorts, and the watery portion of the distillate is 
fiu'ther treated in -order to obtain from it several 
substances of commercial value, of which methyl 
alcohol (wood-spirit) and acetic acid (white vinegar) 
are of prime importance. The gas is sometimes used 
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for lighting purposes and the tarry matter, especially 
that obtained from pinewood, is us^d as a preservative 
for. wood under the name of Stockholm tar. 

4. Coal is treated, in similar fashion in vast quan- 
tities in the process of manufacturing coal-gas. 

ExPEEiMENT 3. I Fit up the. apparatus sho'vvri in 
Fig. 1. The hard glass tube is half fiUed -with small 
pieces of ordinary house coal. This is heated and 




M — Bunsen burner fitted wjth- 

tube support. 
K = tight-fitting cork. 
J = rubber joint. 
Q = gas- jar. 



M— stoneware beehive cell. 
(7= hard glass ;tube. 
D = glass delivery tube. 
TT, = Woulfe's bottle. - 
T = stoneware trough. 



the products of its decomposition observed and treated ' 
as previously described for wood in Experiment 2. On 
breaking the hard glass tube when cold, a more or less 
compact porous mass — o6ke> — ^is obtained. 

The Hghter watery fraction of the distillate from 
coal is the chief source of ammonia (spirit of hartshorn) 
and -its compounds, such as ammonium chloride 
(sal ammoniac)- and ammonium carbonate (washing 
aihmonia). Test the gas in one of the jars and- also the 
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water in the wash-bottle at the end of the experiment 
with red litmus paper. The presence of an alkaline 
substance will be shown by the colour changing to blue. 
From the tarry portion of the distillate are obtained 
most of the colouring matters in use at the present day. 
A part of the tar is still used as a preservative and also 
as a binding material for paths and roadways. Many 
disinfectants of great value are also prepared from the 
residues of coal-tar, which was formerly considered as 
a waste product of Uttle commercial value. 

Repeat the above experiment, using small pieces 
of anthracite instead of house coal. Compare the 
quantity of gas collected in this case with that pre- 
viously obtained and note also the relative amounts 
of tarry matters produced. It wiU be found that, 
even when the heating of the anthracite with the most 
powerful flame producible with the burner used is 
prolonged, very Mttle gas and tar will be obtained. 
Reference to the table in par. 1 will help to explain 
this. The coal used in ordinary households is of 
a bituminous (tar-producing) character and contains 
a higher proportion of hydrogen and oxygen than 
anthracite. When subjected to dry distillation, there- 
fore, more liquid and gaseous products — chiefly com- 
pounds of carbon with hydrogen or oxygen — are formed 
from ordinary coal than from anthracite. The almost 
total absence of nitrogen in the latter precludes the 
possible formation of ammonia — a compound of nitrogen 
and hydrogen — during the heating process. 

5. The manufacture of coal-gas may weU be more 
fully dealt with as an example of the processes involved 
in modem methods for the preparation of substances 
in common use. Fig. 2 represents in a diagrammatic 
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form a coal-gas works. From five to nine fireclay 
retorts, of Q-shaped section, are placed in tiers in the 
same ftxrnace, which is commonly of the "producer- 
gas " %pe in which the retorts are-heate,d by the flames 
of burning gas, produced by passing alternate currents 
of air and steam, through btoning coke or small coal. 
The lower retort in the figurfe is shown in longitudinal 
section. , From the outer end of each retort-— the charge 
of which is about 2 cwt. of coal — arises the ascension- 
pipe, which carries the gaseous products of the distilla- 




■ ... Kg. 2. 

tion to a large pipe — th.e hydraulic main— haii fiUed 
with condensed coal-tar and water from previbus 
operations. The end>of the asceiision-pipe dips beneath 
the liqmd surface, and the gaseous° mixture is partially 
cooled and condensed -by this rdeans. The excess of 
liquid matter in the hydraulic main produced by this- 
partial condensation overflows into a piper leading to 
the tar-weU. The more volatile portion, of the distillate 
passes by way of the pipe shown at the stop of the 
hydrauHc m_ain, known as the rising main, through a. 
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series of pipes arranged so that the gas is obMged to 
traverse the whole length of piping, _which may be 
some hmidred yards or more, further quantities of the 
l^ss volatile constituents being deposited during the 
passage in the condensing chamber shown below the 
pipes an J thence run off into the tar-well. To avoid 
loss by leakage of gas through the porous walls of the 
retorts and to overcome the pressure of the various 
water-seals through which the gas has to pass, a pump 
(not shown in the figure) is used to extract the ga^s 
from the retorts and to draw it throxigh the condensers, 
while simultaneously providing the pressvu-e necessary 
to force the gas through the remainder of the working 
parts of the apparatus. 

At tiiis stage of the process, practically all the 
condensable matters have been removed from the gas, 
but it still retains substance^ such as ammonia and 
carbon dioxide, which are of no value as heating 
, agents or illuminants, and compounds of sulphur, such 
as sulphuretted hydrogen, which, when burnt, produce 
sulphur dioxide, a possible soiu-ce of damage or un- 
pleasantness at the place where the gas is consumed. 
The removal of the ammonia and part of the dioxide 
and sulphur compounds is effected by passing the gas 
through a series of towers, loosely filled with coke, over 
which a continuous stream of water is made to trickle. 
This ^art of the process is termed scrubbing the gas. 
,The porous nature of the coke enables a lai^e wet 
surface to be brought into contact with the gas during 
its passage through the scrubber, thus ensiuing almost 
complete absorption of all gaseous constituents soluble 
in water. The water from the scrubbers is allowed to 
flow into the tar-well. 
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The removal of ~fche remaining sulphur compounds 
is carried out in the ^wri^ers— large iron chambers in 
which are nunierous shelves. These are covered with , 
a layer" of damp slapk Mme,' which combines with the. 
sulphide of hydrogen and any residual carbon dioxide 
to form calcium sulphide arid calcium carbonate 
respectively. It is usual to remove the last traces of 
sulphur by filling one of the purifiers with brown oxide 
of iron instead of,_slaked Ume, the substances produced 
in this case by the reaction between tKe oxide and the 
sulphur compounds being the two sulphides of iron and 
some free sulphur. 

The purified gas obtained as described is frec|,uently 
improved with regard to its illuminating power by the 
addition of a certain quantity, usually about 20 per cent, 
of "water-gas'' (see paj. 44) to which have been added 
the vapours of heavy hydrocarbons prepared by the 
"cracking " of oils derived|£rom petroleum. " Cracking " 
consists of spraying the oil? into a heated chamber, 
where it is partly decomposed, and then passing it into 
a second chamber, where Its decomposition into gases 
containing a Jugh percentage of carbon is completed. 
This method of improving. the illuminating power of 
coal-ga^ is termed the "erpichment" of the gas. 
Pormefly 10 to 15 per cent of caimel coal^ — a variety 
' found near Wigari, which evolves gas with a high per- 
6entage of illuminating constituents^ was added to 
the bituminous coal used for gas-making, but the 
'feomparative scarcity of good canriel coal has led to the 
practice of adding -mixed water and oil gases as just 
riiiehtioned. The mixed gases are purified in similar 
fashion to the coal-gas and are added after it has left 
the last purifier. (See -aiso Experiment 35, par. 49.) 
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The coal-gas is now fitted for delivery to consumers 
for use. After passing through a very large station 
meter which records its volimie, it is stored in huge 
gas-holders — ^whose bulky cylindrical shapes form the 
most striking feature of the works as viewed from out- 
side. The lower edges of the gas-holders are immersed 
in water and, by means of a system of counterpoising 
weights and pulleys, the holders move up and down 
according as they are being filled or are delivering gas 
for use. Before entering the gas-mains from the gas- 
holder, the gas passes through a mechanical contrivance 
known as a governor, the function of which is to regulate 
the pressure at which the gas is allowed to enter the 
mains to such a value as experience has proved most ^ 
sviitable for ordinary purposes. 

6. The further treatment to which the various 
by-products are subjected can only be briefly indicated. 
When all the gas has been driven off from the coal in the 
retorts, the coke remaining is raked out and quenched 
with water to prevent further combustion. Some part 
of it may be made use of in the producer j'umace by 
which the retorts are heated, while the remainder is sold 
as fuel for household and factory consumption. 

When the temperature at which the coal is distilled 
is high, as is usually the case, part of the gas evolved 
suffers decomposition and some of the carbon it contains 
is set free in the solid state. This is deposited upon 
the interior of the retorts and is removed therefrom at 
intervials. It is known as gas carbon and is extremely 
hard and compact. • It finds application in electrical 
work, being used for battery poles and as the conducting 
pendls in arc lights. 

The Goal tar undergoes a further process of destructive 
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distillation and affords a series of products, among 
which may be mentioned 6arbolic acid, creosote, ani- 
line, coal-naphtha, naphthalene and anthracene. Prom 
these_ bodies may be obtained many others, including 
several of value as colours, perfumes, and flavoming 
matters. The residue from the coal tar distillation is 
pitch, a material in considerable demand for3he pro- 
duction of asphalt and varnishes. 

The gas liquor or ammoniacal liquw, as the aqueous 
layer of the contents of the tar-weU is termed, is boiled 
with an alkali — milk of lime — ^and the ammonia thus 
expelled in thergaseous form. The gas is passed' in^o, 
sulphuric acid, with. -w^hichV it combines, forming 
ammonium sulphate. This substance is crystallised 
out and isjargely used in the crude-state as manure, 
since it-^contains a high proportion of liitrogen in a 
fprm suitable for assimilation by, plants. From it are 
also derived all other ammonium compoimds of technical 
importance,' such as ammonium chloride and ammonium 
' carbonate, as well as the strong solution of the gas 
itself in water, known as ammonium hydrate (spirit of 
hartshorn). 

The spent lime from the purifiers is sold under the 
name of gas lime as an insecticide for cleansing soils 
of such pests as wireworm, and for the improvement 
-of stiff clays. The iron oxide also used in purifying 
the gas is "regenerated" by exposure to air, whereby 
oxygen from the air replaces the sulphur, which remains 
in the free state mixed with the oxide. After several 
such reoxidations, the proportion of sulphur becomes 
so high — over 50 per cent — that the material is of no 
further value ais a purifying agent. It is then known 
as spent oxide and is sold to the manufacturers of 
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sulphuric acid, being used by them as a source of the 
sulphur requisite for the production of that acid. 

7. From one ton of coal, about 10,000 cubic feet 
of gas are commonly produced, while the other 'chief 
products are obtained in about, the following pro- 
portions: coke, 14 cwt., coal tar, 1 cwt., gas hquor, 
1^ cwt. The actual quantities obtained in any given 
case may vary considerably from those mentioned, 
apcording to the nature of the coal used and the tem- 
perature of distillation, and to a lesser extent with the 
variations in the details of manufacture as carried out 
in dififerent works. 

It will be noted that there is very httle waste 
involved in the operation of gas-making as roughly 
outlined above. Formerly great trouble was ex- 
perienced by gas companies in disposing of the large 
quantities of tar and gas liquor obtained as by-products, 
but the researches of modem chemists have entirely 
altered this state of affairs. The commercial value of 
the substances previously considered as noxious waste 
products is probably greater than that of the coal-gas 
with which the manufacture is primarily concerned. 
Siiiular co-operation between the worker in the 
laboratory and the large scale producer of saleable 
commodities now exists in all important branches of 
industry to the mutual adyantage of both and the 
benefit of consumers in general. 

8. The ash or incombustible mineral matter which 
remains after the combustion of wood or charcoal has 
been completed deserves examination. 

Experiment 4. Place the fragment of charcoal 
obtained in Experiment 1 in a small weighed crucible. 
Heat the uncovered crucible with its contents strongly 
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with a powerful Bunsen flame until no further com- 
liJustion occurs. Examine the residue — ^the ash^when 
cold. Weigh the crucible and asl^, and determine the 
weigjit of the ash. The percentage of ash in the 
fragment of wood originally used (see Experiment 1 for 
weight of wood) may^ be easily calculated. 

Shake out the, ash into a small beaker containing 
a little distilled water. Dissolve as much ' of the ash 
as possible by warming the liquid and, agitating the 
beakpr. Test the reaption of the solution produced 
towards red and blue litmus papers. It wiE be found 
to turn red Htmus blue. This is due to the presence 
in -the ash of . potassium carbonate— a salt with an 
alkaHhe reaction. ' 

This substance^ was formerly produced iri large 
quantities by burning wood and treating the ashes with 
"water. It was used under the name of "potashes" in 
the manufactiire of glass, soap, and other commodities. 
The ashes of land plantsiurnish potassium carbohate, 
whiler those of seaweed and of plants- grown near the 
sea yield sodium carbonate, another "mild" alkah of 
great value. 

9. When one of the fuels already mentioned is 
burnt in air, the carbon contained in the fuel combines 
with the Qxygen of the air to form carbon dioxide, 
while the hydrogen similarly unites with the oxygen 
and produces hydrogen oxide or steam. Evidence of 
the formation of these bodies was obtained in Experi- 
ment 88, Part I. AU the fuels mentioncjd do not 
combine with equal readiness. Wood burns much more 
easily than house coal and the latter more readily 
than anthracite. To ensure that the combustion of 
such fuels as coke, charcoal, and anthracite shall be 
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continuous, it is necessaay that a good supply of air 
shall be furnished. Under certain conditions carbon 
may form another oxide when burnt. This contains 
a lesser proportion of oxygen than carbon dioxide and 
is known as carbon monoxide. 

ExPERiMENl^ 5. . Fit up apparatus similar to that 
shown in Fig. 3. Beplace the roU of copper gauze 
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= gas-holder filled with air. 

iJ = reservoir of gas-holder. 

P,P = well-greased glass stopcocks. 

D = glass delivery tube. 

A,A = square shields of asbestos millboard. 

H ' = piece of hard combustion tubing about 1 ft. long and j^ inch 

in diameter. 
O = roll of bright copper gauze about 5 in. loi^. 
B , = Ramsay burner (a row of Bunsen bumbrs may be substituted 

for this). 
N = stout rubber connection. ~ , ^ . 
J = large gas-jar. v 

T = earthenware pneumatic trbugh. 
V = beehive oeU. 
S — tight-fitting hollow glass stopper. 
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by a quantity of small pieces of wood charcoal about 
the size of a large pea. These should fill about six 
inches of the tube and should be lightly packed together. 
Keeping the taps P, P closed, light the burner and 
gradually raise the temperature of the charcoal to a red 
heat. It will usually be found that a certain amount 
of gas is given off during ^he heating an^ this should 
be allowed to escape through the water in the trough. 
-Ihis gas is eyolved because the charcoal, when prepared 
on the commercial scale, is not. jn general heated 
sufficiently long to ensure the complete removal of all 
volatile products of cListiUation. When bubbles no 
longer escape from the end of the delivery tube, open 
the taps and" allow a slow stream of air to pass through 
the hard glass tube from the gas-holder. The rate" at 
which the bubbles should ascend through the water in 
the trough is about two per second. At the end of 
a minute, place a gas-jar upon the beehive cell and 
collect a jar of the gas; Two further jars ipay be 
similarly prepared. ■ 

, Shake up a httle lime-water in one jar. The 
formation of a precipitate will show that some of the 
carbon has burnt completely, forming carbon dioxide. 
Apply a. Ughted taper to the mouth of another jar. 
A blue flickering flame will pass slowly down the jar. 
This affords evidence of a second product of the com- 
bustion of the carbon, a gas which is itself combustible. 
Shake up the contents of this second jar with lime-water. 
The great increase in the quantity of precipitate formed 
indicates that the burning of the new gas produces 
carbon dioxide. ^ 

Invert the third jar of gas over a solution of caustic 
soda or potash in a small glass dish. The liquid will 
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rise a short distance in the jar, but will not reach the 
tc^ of the jar, however long the latter be left in the 
solution. (Compare this result with that obtained later 
in Experiment 12.) 

Experiment 6. Arrange the apparatus shown in 
Fig. 4. The. -Kipp's generator cojitains a supply of 
marble in the middle bulb, and the liquid shown is 
a mixture of equal parts of commercial hydrochloric 
acid and water. The carbon dio^de produced, by the 
iiiteraction of the niarble and acid is bubbled through 
water in the wash-bottle in order tha,t the rate at which 




Fig. 4. 

the gas is passed may be measured. The long wide 
tube shown over the Ramsay burner may be of hard 
glass or, preferably, of iron or porcelain. (The tube 
as figured is somewhat short. The corks should be at 
least three inches from the ends of the burner.) It is 
loosely filled with small pieces of charcoal which have 
been thoroughly heated at a red heat for a considerable 
time in order to drive off the gasifiable portion of 
commercial charcoal as completely as possible. The 
gas issuing from the right-hand end of the combustion 
tube is passed thrcjugh a solution of caustic potash, 
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containing about 30 g. of potash in 100 cc, in order 
to remove any carbon dioxide unacted upon. When 
the apparatus, is ready, pass a steady stream of carbon 
dioxide until the ' ga"s passing into the Woulfe's, bottle 
is practically entirely absorbed by the potash. The 
air will then have been almost conipletely displaced 
from the various parts of the apparatus. Light the 
burner and allow the carbon dioxide to pass at the 
rate of about two bubbles a second through the water 
in the first -wash-bottle. Note the behaviour of the 
gas which enters the potash solution. When this no 
longer absorbs the major portion of the gas, as shpvrn 
by bubbles arising frequently in the water in the trough, 
place a gas- jar upon the beehive cell, and collect a jar 
of the escaping gas. Two further jars may be collected 
in the same manner. Extinguish the fm^ace, dis- 
connect the first wash-bottle from the wide tube, and 
turn off the tap of the generator. 

Shake up the "contents of one of the jars with 
lime-water. If the. directions have beeii faithfidly 
carried out, there should be no production Of tur- 



Remove the glass plate from the mouth of a second 
jar and at once apply a hghted taper. The gaS should 
bitm.with a characteristic flickering blue flame. As- 
soon as the burning has fiiuslied, pour a Kttle Hme-w;ater 
into the jar and shake up. The immediate formation 
of a considerable quantity of a white precipitate — 
calcium carbonate — vindicates that carbon dioxide has 
been formed by the combustion of the gas. 

Hold a third jar, mouth downwards, and remove 
the glass plate. At once push in a hghted taper, and 
observe the behaviour of the taper; It should be 

H. D.S. II. 2 
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iextinguished, showing that the gas does not support 
combustion. 

The equations representing the changes that have 
taken place during the various portions of the above 
experiment are as follows : 



(1) 



(2) 



(3) 
(4) 



Calcium carbonate ^ roaloram chloride 

(marble) + 

+ ^ V = -( carbon dioxide 

' hydrogen chloride 
(spirit of salt) 
Carbon dioxide 

+ 
potassium hydroxide 

(caustic potash) 
Qarbon dioxide + carbon = carbon monoxide. 
Carbon monoxide + oxygen = carbon dioxide^ 



^hydrogen oxide. 

potassium carbonate 

+ 
hydrogen oxide. 



10. Should any difficulty be experienced in obtain- 
ing fairly pure carbon monoxide 
as a result of the performance 
of the above experiment, a sup- 
ply for testing purposes may 
be readily prociured by treating 
Bodium formate witb strong sul- 
phuric acid. 

Experiment 7. The apparatus 
needed is shown in the accom- 
panying diagram. The acid, is 
added, a Uttle at a time, through 
the thistle funnel, and the gas 
is collected in the usual way 
over water in the pneumatic 
trough. Kg. 5.. 
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Sodium formate 

^" + 
hydrogen sulphate 



sodium bisulphate 

+ 
hydrogen oxide 

+ 
carbon monoxide. 



11. I'rom Experiment 5 j it may be easily seen 
that carbon uiionoxide is formed during the- burning 
of' carbonaceous material if the .supply of air — and 
consequently of oxygen— is comparatively small. Its 
production in ordinary fires is of i frequent opcurrence, 
the tj^ical flickering blue flame of the burning gas 
being seen hovering over the upper surface of a coke 
fire, or a, coal fire in which the gaseous products of the 
heating of the fuel have been expelled and burnt, 
leaving a red-hot mass in the grate. The reason for 
the forma|iion of the lower oxide of carbon in such 
cases is readily apparent. The red-hot fuel at the 
bottom of the fire is in contact with a good supply of 
air, brought continuously into its neighbourhood by 
the draught oi the chimney. Carbon dioxide is 
produced in this region and is carried by the air-stream 
upward ov^r theglowing mas.s in the centre of the fire. 
Here some of the dioxide parts with one-half; of its 
oxygen with the consequent formation of the lower 
oxide. ,(Gf. Experiment 6.) When the carbon mon- 
,6xide thus generated reaches the top of the fire,- it is 
brought into contact with a further supply of oxygen 
contained in the air which is aspirated over the surface 
of the /fire by the action^ of the upward current in the 
chimney. Cbttibustion of the lower oxide occurs and 
carbon dioxide is thus the intimate result. 

When -the air-cxirrent is powerful, as in the case of 
the fires undbr boilers in factories or other works, part 

2—2 
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of the monoxide may be carried away by the air into 
the chimney shaft. All carbon carried away in this 
form represents so much wasted fuel, and great care 
is exercised in the constriiction of furnaces and flues so 
that the combustion may be as complete as possible, 
or arrangements are made that any escaping gas may 
be burnt elsewhere in the works. 
/ 12. A supply of carbon dioxide for experimental 
purposes may be obtained by burning charcoal in 
1 oxygen, as in Experiment 114, Part I, but it is more 
usual to prepare the gas by taking advantage of the 
readiness with which it is evolved when an acid acts 
upon a carbonate. Thus, when Sodium carbonate is 
acted upon by vinegar, the liquid froths up considerably, 
owing to the production of much carbon dioxide. The 
reaction may be considered as occurring in two stages. 
In the first, sodium acetate and carbonic a.cid may be 
looked upon as the products : 



sodium acetate 

' + 
hydrogen carbonate 
(carbonic acid) - 



Sodium carbonjite'l ( 

(washingrsoda) 

+ 

hydrogen acetate 

(vineggir) 

Carbonic acid is, however, unstable except in very 
dilute solution in water, and by far the greater portion 
produced at once decomposes into water and carbon 
dioxide. Thus : 

Hydrogen carbonate = hydrogen oxide + carbon dioside. 

The carbonate and acid generally made use of are 
marljle (calcium carbonate) and hydrochloric acid as 
in Experiment 6. 

Experiment 8. Fit up the apparatus shown in 
Pig. 6, The gas is delivered to the bottom of the 
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gas-jar and, oeing about one and a half times as heavy as 
air, collects in the jar, displacing the air upwards. This 
method of collection of a gas is termed "collection by 
^upward displacement of air". It is commonly used in 
,the case of gases which are heavier than air and are 
soluble in water, the latter property rendering them 
unsuited for collection over that Hquid. 

Dviring collection, the mouth of ^the jar may be 



o 



^ 
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loosely dosed with a piece of cardboard perforated to 
permit the passage of the delivery tube. - The jar may 
be judged to be full of the gas when a lighted taper 
placed at the 'mouth is immediately extinguished. 
rCoUect fOur jars -for use in the following experiments. 

ExPEEiMENT 9. Hold a glass beaker under the 
mouth of a jar of the gas, remove the plate from the 
mouth, and allow the gas to fall into the jar. Ascertain" 
that it has done so by thrusting a lighted taper into the 
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beaker. Leave the latter vessel upon the bench with 
its mouth uncovered, and test the nature of its contents 
at intervals of a few minutes with a Ughted taper. 

Exercise for Student. 

Explain apy change in the behaviour of the contents of the 
beaker with regard to supporting the combustion of the taper. , 

Experiment 10. Poiir a Httle clear lime-wate^ into 
a second jar of the gas. Replace the plate and shake 
well. Allow the jar to stand for a time. 

Experiment 11. Pour enough distilled water into 
the third jar to fill one-half of the jar. Thoroughly 
wet the palm of the hand, place it upon the mouth of 
the jar (which should be a small one) and vigorously 
shake the jar with the palm pressed firmly in contact 
with the mouth. If the jar was well filled with gas, 
it should remain suspended from the palm of the hand 
after shaking. 

Exercise fox Student. 
Explain why the jar remains attached to the palm. 

^ Experiment 12. Into a small glass dish or large 
evaporating dish- pour sufficient^ fairly strong caustic 
soda (or potash) solution to fill half the vessel. Invert 
a jar of carbon dioxide, place its mouth under the surface 
of the alkaline Kquid, and withdraw the plate. AUow 
the jar to remain in contact with the solutionfor some 
minutes. The hquid will rise rapidly in the jar and, 
if the latter was weU filled with the" gas, should at 
length occupy it almost completely. 

Note. The caustic alkah will not damage the skin 
if washed off at once in a stream of water from the tap. 
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Exercise for Student. 
. Write down the equations representing the chemicaJ changes 
involved in Experiinents 8, 10, 11 and 12. 

13. Large quantities of carbon dioxide are made 
during, the process of preparing lime from chalk. 

.Experiment 13. Fit up ihe apparatus jhown in- 




Kg. 7. 

Eig, 7. In the hard glass tube place about 1 g. of 
powdered marble or chalk. The test-tube contains 
Jime-water. On heating the chalk to a red heat, carbon 
dioxide is driven off, as shown by the turbidity produced 
in, the lime-water. If the heating be continued until 
no more gas escaptes, the ,residue in the hard glass tube . 
consists of quickhlne in the form of powder. To show 
this^ ajlow the./tube to cool, after removing, the end of 
the dehvery tube from the hme-water. When cold, 
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allow a few drops of water to fall into the tube. The 
lime win be slaked with the production of sufficient 
heat to make the end of the tube distinctly warm. 

Equations : 

Calcium carbonate = calciiim oxide + carbon dioxide. 

~ - (quicklime) 
Calcium oxide + hydrogen oxide = calcium hydroxide. 
- (slaked lime) 

On the large scal&rthis operation is generally carried 
out in large brick structures known as lime-kUns. 
Fig. 8 shows such a kiln 
in section. Limestone and 
small coal are fed into the 
kiln in alternate layers. 
The heat evolved durpig the 
combustion of the coal causes 
the hmestone to give off car- 
bon dioxide, which is carried 
away with the gases formed ^^ g 

by the burning of the coal, 

the lime produced being removed at intervals from 
the bottom of the kiln. 

Another operation which involves the production 
of much carbon dioxide is brewing. During the fer- 
mentation of the sugar solution required for the making 
of beer, the liquid froths considerably, the gas which 
causes this being carbon-dioxide. (See Experiment 128, 
Chapter X.) In many breweries the gas is not allowed 
to escape, but is pumped int6 strong wrought iron 
cylinders. The pressure- produced within these is 
sufficient to liquefy the gas, which may thus be con- 
veniently stored. Large quantities of carbon dioxide 
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are used in this form for the aeration of mineral waters 
and for laboratory purposes as a refrigerant. Great 
decrease of temperature is- produced by the rapid 
escape of . th^ gas through a small, aperture when the 
valve of the cylinder is opened and part of the escaping 
gas is solidified at the low temperature reached, and 
may :be obtained as a white show-like mass by the use 
of suitable apparatus. . h • 

14. The importance of the presence of cachon, 
dioxide in air for the growth of plants, and of that 
dissolved in water for a similar purpose -in the case of, 
water-plants, has-been already dealt with (see Part I, 
par. 164). , Animsiit Kfe is affected by carbon, dioxide 
in q^uite a different manner. The presence of the gas 
in air to the extent of 1 per c^nt seems to cause little 
inconvenience, provided; the gas^ be pure. The air of 
mineral water factories may easily contain this pro- 
portion, but the , employees suffer no discomfort. 
Increasing the proportion results in the production of 
deeper inhalation and, when the air is charged with 
" some, 6 per cent of the gas, headache, palpitation and 
other signs of physical distress are produced. Eleven 
to 12 per cent'produces collapse, hut death does not 
supervene rapidly,- even with this proportion present 
in the air breathed- Removal to an atmosphere of 
piire air brings about recovery, unless the period of 
subjection to the action of the g^ has been prolonged. 
In the "Grotta del Cane", near Naples, carbon dioxide 
from subterranean sources exudes through fissures in 
the floor of the_ cave and collects in considerable 
quantity before it is dissipated by diffusion. The 
amount in the air at the breathing level of a man is 
insufficient to cause distress, but the unfortunate dogs, 
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whicii are led in by the guides, are soon rediiced to 
a state of coma, from which they recover when again 
taken iato the open air. From the above statements 
it will be seen that the presence, of much carbon dioxide 
in air may be dangerous to the health of those breathing 
the air. It is incbrrect, however, to describe carbon 
dioxide as a "poisonous" gas. The ill effects produced 
are not due to any direct toxic effect, but rather to 
oxygeii being present in insufficient proportion for the 
proper continuance of hfe. . 

The case is different with carbon monoxide. This 
gas is able to combine with the colouring-matter of 
the red corpuscles of the blood — hae7ncgM)in—ioTami§, 
a very stable cherry -red compoimd known as carboxy- 
haernoglobin. The corpuscles thus affected are no longer 
capable of performing their proper function as oxygen- 
carriers throughout the system, and, should sufficient 
carbon monoxide be inhale^, death soon ensues from 
suffocation. The lower oxide of carbon may therefore 
be correctly termed "poisonous". ■ 

The great econoraic importance of th© solubility - 
of carbon dioxide in water will be dealt with in 
Chapter v. 

15- During many of the combustions already 
effected, the production of flame will have been noted. 
Oux next consideration will be the nature of this 
phenomenon. The first steps may well be of an 
experimental character. 

Experiment 14. Light, a candle and examine the 
flame in a place free from draughts. Two main regions 
will be readily distinguished — (1) the lower and non- 
luniihpus cone immediately surrounding the wick; 
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(2) the brilliant outer region or "mantle". C£\,reful 
examination will reveal two further portions— (3) a 
practically non^luminous sheath which envelops the 
entire upper p4rt of the flame ; (4) a zone of a-distinctly 
blue tint below the inner dark region. The presence 
of the forme? may be rendered evidLcnt to the eye by 
holding a card between the eye and the candle so that 
the Hght from the luminous mantle is cut 
off, while the edge of- the flame is still; 
visible, when it wiU appear as a thin faintly 
yellowish layer. . „ ? 

' • Examine similarly the flame of a Bunsen . 
burner with the holes which control the air- 
. supply closed. It w|ll.be found -to consist 
of four regions comparable to those men- 
tioned, but (4) is less pronounced, while (3) 
is more readily distinguishable. The above 
structure- is charactesristife of ' the 'flames of ^ 
nearly all carbon compounds when butnt 
with a comparatively limited supply 
of air, 

Heat a pierce of glass tubing about Kg- 9- 
two ~ inches in length in a Bunsen flame 
for a, few secpnds. Holding it with a pair of crucible 
tongs, place dne eild in the dark cone of the candle 
flame. ^Apply a lighted match to the upper end 
of the tube and a smaU flame of similar appearance 
to that' of the candle wiU appear at the ^nd of the 
tube. /'_-'■- 

,, Quickly depress a sheet of stout paper upon a candle 
flajtne tiU the paper is a short distance above the wick. 
As soon as a scorched ring appears upon the upper 
surface of the paper, remove it. If this be done 
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carefully, the paper will not ignite, and it wiU be seen 
that the interior of the scorched ring consists of un- 
daniaged paper. 

Hold the imder-surface of a clean porcelain dish in 
a candle flame so that the luminous portion of the flame 
plays upon the porcelain." At the end of half a minute 
remove the dish and examine the part which has been 
in contact with the flamer A considerable deposit of 
dense black soot will be observed. 

16. The observations made in the above experiment 
assist one to comprehend the nature of the combustion 
that takes place when flames are formecj- A flame is 
only produced when gaseous or readily vaporisable 
combiastibles are available. The material of a candle 
is soHd at ordinary temperatures, but the heat of the 
match appUed to the .wick is sufficient to melt and 
volatihse a small portion of the adherent fatty matter. 
The burning of this portion evolves enough further 
heat to melt the adjacent wax and this, by capillary 
attraction — a force brought into play whenever porous 
material is in contact with a liquid — -passes up between 
the strands of the wick. On reaching the flame, the 
Hquid boils and the heat evolved Jby the burning of 
the gas thus produced causes the formation'~bf more 
hquid wax. The process of burning, once started, is 
thus continuous. The gaseous matter formed is not, 
however, a simple substance, but a mixture- of com- 
pounds of carbon and hydrogen, partly derived directly 
from the wax, and partly produced by the decomposi- 
tion of some of the more complex of these latter bodies 
into simpler compoxmds by the heat. That is to say, 
destructive distillation (see par. 3) takes place around 
the wick of the candle. In the dark region practically 
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no combustion occurs, the suppljr of adnii;s;ed air being 
(Juite insufficient. 

Jn the luminous mantle, the supply of air is greater 
and part of the carbori and hydrogen of the hydro- 

, carbons of the inner cone is transformed into the , 
t)xides of these elements. The increased temperature 
in this^ region causes further decomposition to be set 
up and part of the carbon is set free in the form of 
minute soMd particles. The briUiance of the candle 

; flame is largely due to; the heating of these particles 
to incandescence— 4.e._ to such a temperature that they 
give out hght — ^by the heat produced by the burning of 
, some of the carbon and hydrogenin their neighbourhood. 
In the outer mantle the cQmbustioh of the con- 
stituents M the candle is completed.' Should the supply 
of combustible material be properly regulated, the final 
products are carbon dioxide and -water only, but if the 
wick permit of the ascent of too much melted wax, or- 
-the" candle be burnt so that an insufficient supply of 
air reaches the flame, part of the carbon may entirely 
escape combustion and the candle " smokes ". A further 
cause of "smoking" is to be found in the cooling of the 

, fl.a,me by the onrush of a vigorous stream of air, or by 
the introduction of a cold body into the flame. 

Experiment 15. Make a short coil of ^^-^ 
several; turns of cppper wire, such that it is 
of approximately the same diameter as the 
candle flame. Hold the free end of this with 
the tongs and .depress it on the flame so that ' jig. lO. 
it surrounds the luminous mantle. The bright- 
ness of the flame will be very considerably diminished, 
and much smoke wiU be produced.. 
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Remove the coil and heat it to bright redness in 
a good Bunsen flame. Transfer it to the candle flame. 
The loss of luminosity and the quantity of smoke 
produced will be much less pronounced. 

17. All the above experiments shbiild be repeated, 
using the luminous flame of the Bunsen burner Instead 
of the candle flame; The observations in this case will 
almost exactly correspond with those already made. 
Should any differences be noted, it will be an interesting 
exercise for the operator to endeavour to account for 
such differences. 

18. The structtoe of the flame of the 
ordinary Bunsen bunker, when the air- 
supply is opened, is of^quite another type 
from those just considered. 

ExPEBEttENT 16. Light a Bunsen 
burner and open the hole or holes near 
the base to their fullest extent. On ex- 
aniining the flame thus produced, it will 
be foimd to consist of two weU-marked 
regions — (1) an inner conical portion of a 
bluish tint; (2) an outer mantle, usually 
much larger than the inner pone, and of 
a paler tint of blue. (See Fig. 11.) 

That the inner portion is comparatively 
cool and is composed of unbumt gas, mixed 
with air, may be shown by testing with a 
short glass tube and with a sheet of paper 
as previously described in Experiment 14. 
That the outer mantle does not contain unburnt 
particles of carbon may be demonstrated by depressing 
a> clean porcelain dish upon this part of the flame for 
some seconds. The two parts of the Bunsen flame 
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hence correspond respectively to the dark part of the 
candle flame and to the outer mantle where complete 
coinfustion takes place. On partly closing the holes 
at the base of the burner,; the appearance of the flame 
will be similar to that^hown in Fig. 12. 
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. 19. The absence of a region of incomplete com- 
bustion in a fully developed Bunsen flatne is chiiefly 
attributable to two causes — (1) the admixture of air 
with the gas issuing froid the apertiure of the burner, 
the quantity of oxygen thereby brought into contact 
with'the gas being greater than that which is found in, 
the inner part of a candle or luminous gas flame ; (2) the 
dilution- and consequent cooling of the gas by the air 
thus introduced. 
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ExPBBiMBNT 17. To show that an air-current is 
set up when the air-holes of the burner are opened, 
light the gas and hold near the holes a piece of smoiflder- 
ing brown paper. In the absence of draughts, some 
of the smoke from the paper may be seen to be drawn 
by the air-current into the interior of the -burner tube. 

Experiment 18. The lesseiiing of pressure in the 
neighbourhood of the jet of the Bunsen burner, which 
is the cause of the inrush of air through the air-holes, 
may be shown more clearly by 
the following method. Close the 
air-hole at the base of a burner 
with a well'fitting piece of wide 
rubber tubing. In the tubing, 
immediately opposite the hole, 
pierce a small hole. Place the 
end of a small manometer 
(pressure-gauge), constructed as 
shown in the diagram, in the 
hole in the rubber tubing^ Tvun on the gas and note 
the behaviour of the water in the presstu-e-gauge. 
(To make the movement of the liquid more easily 
followed, it may be coloured with a little litmus or 
indigo.) It wiU be noted that the end of the liquid 
in the horizontal hmb of the manometer wiU recede in 
the direction of the burner. On turning off the gas, 
it will again resume its original position. To obtain 
a good result, select a burner which gives a strong steady 
flame when burning with the air-supplyxwide open. 

Experiment 19. To show that dilution plays a 
part ill the reduction of the luminosity of the flame, the 
burner fitted with rubber tubing in the preceding 
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3 experiment may be further utilised. Through the small 
:Jiole in the rubber tubing insert the end of the de- 
livery tube of a Kipp's generator in which is -a supply 
of marble and hydrochloric acid for the production of 
, carbon , dioxide. Light the gas. and' turn off the gas- 
supply until the flame is about half its maximum size. 
A luminous flame mil be obtained. Open the tap of 
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the generator and allow a steady stream of carbon 
dioxide to mix with the gas issuitag from the jet of the 
: burner. The admixture of this typically incombustible 
gas with the coal-gas wiU result in the loss of much of 
the brightness of the flaine, and, by adjustment of the 
quantities of carbon dioxide and gas made use of, a 
flame of a pale blue colour devoid of value as an 
iUuminant may be obtained. From our previous work 
on the nature of carbon dioxide we may readily infer 
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that tte loss of brightness is not in any way due to 
more complete combustion of the coal-gas on account 
of its presence. 

20. The Bunsen flame is of great value as a Source 
of heat since it is of high temperature and is smokeless. 
That its temperature is higher than that of the flame 
produced when the same quantity of gas is burnt 
without admixture of air is due to (a) the smaller size 
of the flame and its greater steadiness ; (6) the smaller 
proportion of heat lost by radiatioti to surrounding 
bodies. The same total quantity of heat is produced 
in both cases, but in the Bunsen flame this heat is 
produced within a smaller bulk and is less accessible 
to the coohng effects of air-currents. 

Experiment 20. Xight a Bunsen burner with the 
air-holes wide open. Note the size of the flame and 
the resistance which it offers to deflection when the 
breath is blown strongly against it. Close the air-holes 
with the thumb and forefinger and note the difference 
in the volume of the flame and the comparative ease 
with which it can be blown about. 

Experiment 21. The temperature of the various 
parts of a Bimsen flame may be roughly gauged by 
inserting into each part in turn a thin platinum- wire. 
For convenience, the wire may be mounted by fusing 
it into the end of a glass jet produced by drawing out 
a piece of tubing as described in Part I, Experiment 46. 
The varying degrees of brightness of the incandescent 
wire indicates approximately the temperatures of the- 
various parts of the flame. The hottest regions will be 
found just above the top of the inner blue cone and near 
the edge of the flame level with the top of the inner 
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cone, while the middle of the lower part of the cone 
will not be hot enough to render the wire incandescent, 
(See Mg. 12, p. 31.) 

21. It wiU have been noted that a mixture of^ 
coal-gas and air is formed in the barrel of a Bunsen 
burner. Such a mixture is fret[uently of an explosive 
nature, i.e. the total quantity ignites at practically the 
same instant, producing a veiry large quantity of heat 
and thereby causing rapid and enormous expansion of 
the gaseous products of combustioii. 

Experiment 22. FiU a gas- jar of about 200 c.c. 
capacity with water and invert it over water in the 
pneumatic trough. Pass coal-gas into the jar by means 
of a rubber tube attached to the ordinary gas-supply, 
until the jar contains about one^twentieth of its volume 
of gas. Slide a glass plate under the mouth of the 
, jar, and remove it from the trough. By sUdihg the plate 
on the mouth of the jar so that the mouth is partly 
opened, allow the water to run out. The jar now 
' contains a mixture of air and coal-gas. Prepare in 
similar fashion other jars containing respectively one- 
tenth, one-fifth, one-third, and one-haM their volumes 
of coal-gas, the remainder of the contents of the jar 
being air in each case. Allow the jars tov stand for 
about half-an-|LOur, reversing each occasionally, in order 
to bring about more complete admixture of their 
contents by diffusion. 

Bring a lighted taper to the open mouth of each 
jar in turn, and notice the nature of the combustion 
set up. In the case of those jars which contain one- 
fifth and one-tenth by volume of gas, the explosive 
character of the reaction will probably be pronounced, 
but, where the proportion of gas is higher, the mixture 
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burns quietly, while that in the first jar shows little, 
if any, sign of combustion. 

From the above observations it is evident that all 
mixtures of air and coal-gas are not of an explosive 
character. Under ordinary conditions, the flame of a 
Bunsen burner bums continuously without sign of 
explosion, but this phenomenon does occur occasionally. 

ExPEEEMBNT 23. Choosc a Bunsen burner which 
produces a "roaring" flame when the gas and air 
suppUes are both full on. Having obtained such a 
flame, turn off the gas-supply gradually. The flame 
win become imsteady and at length will suddenly 
recede down the tube, with- the result that usually the 
gas issuing from the jet at the bottom of the tube is 
ignited and bums with a peculiar noisy flame. 

This phenomenon of "striking back "or "burning 
below ", £is it is variously termed, is really of the nature 
of a smaill explosion. To prevent the flame striking 
back when the gas is lowered, the air-holes should be 
partly closed before lessening the supply of gas. 

Another simple but striking experiment may be 
performed which will further illustrate this point.* 

ExPEKEMENT 24. Fit a large-mouthed bell-jar with 
a cork through which passes a short length of wide 
glass tubing as shown in Fig. 15. Statnd the bell-jar 
in a Httk water in a plate, and fill the jar with coal-gas 
by attaching the glass tube to the bench-supply by 
means of rubber tubing and turning on the gas for 
about 30 seconds. Disconnect the rubber tubing from 
the glass tube, raise the bell-jar from the water, and 
apply a lighted taper to the top of the tube. The 
coal-gas, beiag of lesser density than air, will pass 
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upwards throiigli the tube and ignita, The flame will 
be at first luminous and unsteady, but wiH gradually 
assume the appearance of a Bunsen flame as the 
issuing gas becomes mixed with air. At a later stage 
the Inner blue cone of the flame wiU be seen to pass 
suddenly down the tube and the contents of the jar 
wiU then ignite with a distinct but harmless explosion. 



?K 



Kg. 15. 

In both the experiments just described, the mixture 
pf, coal-gas and air issues frora the end of the tube with 
a certain velocity. The issuing, mixture is explosive,^ 
but the flame does not strike back at once, when the 
inixture^is li1f. In explanation of this, it may be stated - 
that, for every explosive laixture there is a. certain 
velocity with which tke explosion travels in the mixture. 
As long as the gaseous mixture issuing jfrom the end of 
the tube is traveUing faster than the rate ait which the' 
explosion wave corresponding to that mixture travels, 
no explosion occurs. When the gas-supply pf the 
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Btuisen burner is lessened, the rate at which the mixture 
passes up the barrel of the" burner is also decreased. 
When the mixture moves more slowly than the ex- 
plosion wave, explosion occtirs and the flame strikes 
back. Similarly, the mixture of gas and air leaves the 
glass tube in the last experiment at a speed which 
diminishes as the experiment proceeds. The mixture 
becomes richer and richer in air, and consequently 
more explosive, as the burning continues. The rate at 
which the explosion travels iff the mixture increases as 
the proportion of air becomes greater and at length a 
stage is reached at which the velocity of the explosion 
wave becomes greater than that of the issuing gaseous 
njixture, and the flame travels down the tube. 

22. Other forms of burner have been devi^d, upon 
the Bunsen principle, in which, by better admixture 
of the gas and air, before combustion, higher flame 
temperatures may be attained. Fig. 16 represfents the 
Teclu burner. In this the air is admitted between the 
lower edge of the conical base of the burner-tube and 
that of the large nulled nut which travels on the screw- 
thread worked upon the exterior of the jet. Variation 
of the quantity of air supplied is effected by turning 
this nut upward or downward on the thread. 

Fig. 17 shows a Meker burner. The air is admitted 
through several holes instead of one or two, as in the 
usual forms of Bunsen burner, thus ensuring both 
a Jarger supply of air and more complete admixture. 
The widened top of the burner is further provided 
with a stout nickel grid which is arranged is such a way 
that the issuing stream of gas and air is divided into 
numerous smaller streams. Each streamlet produces a 
small Bunsen flame when ignit«d, the inner blue cones 
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of which can be separatelys distinguished. The outer 
envelopes Eire, however, intermingled and form a " soM " 
flame of great heating power. The Meker flame burns 
entirely without noise, being in this respect at a great 
advantage as compared with theTecluorwith an ordinary 
Bunsen when producing its most efiicient heating 
flame. , The presence of the grid prevents striking back. 




^ 
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in spite of- the high proportion of air contained in the 
mixed gases issuing from the top of the burner, 

23. , In ordinary life we consider coal-gas as a 
cornbustible substance, while air is looked upon as 
incombustible and is teriped a '"supporter of com- 
^bustion". The parts played by the coal-gas and air 
are convertible, as may be demonstrated by performing 
the following experiment. 

Experiment 25. Tit a wide glass lamp-chimney 

with two corks, bored to receive glass tubes as shown 

-in Fig. 18 on the next page. Connec|} the smaller of 
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the tubes at the lower end of the chimney with the 
gas-supply. Cover the end of the upper tube with a 
stout card. Turn on the gas for a few secondfl, and 
then apply a lighted taper to the bottom of the larger 
tube. ImmecUately turn off the gas until the flame 
produced is reduced to one-half its bulk. Ilemove t^e 
card and apply a hght to the gas ■ - 

which win how issue from the 
iipper tube. Note the behaviour 
of the lower -flame. It will be 
seen to psiss up the lower tube 
and will continue to bum within 
the chimney. (Should this not 
happen as described, the desired 
effect may be brought about by 
gradual adjustment of the supply 
of gas.) 

The flame at the top of the 
chimney resembles (jlosely the 
ordinary luininous flame of coal- 
gas burning in air. The flame 
within the chimney is evidently 
of a different character. It is, 
in fact, a flame of ordinary air 
burning in an atmosphere of coal- 
gas. That air is actually passing up the lower tube 
may be shoMfn by bringing a . smouldering piece of 
brown paper near the bottom of the tube. 

By diminishing the supply of gas, the top flame may 
be caused to become less in buLk, and simultaneou^y 
an increase may be noted in the size of the lower flame. 
Further diminution of the amount of gas allowed to 
enter the chimney will effect the disappearance of the 
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luminosity of the upper flame, which will become very 
similar in character to that produced by diluting coal- 
gas with carbon dioxide in Experiment 19, and wiU 
finally be extinguished. 

Exercise for Stttdent. 
What evidence may be obtained from the above experimehtas 
to the nature. of the products of combustion of the flame of air 
burning in coal-gas ? ' 

Combustion, theii, is a reciprocal phenomenon, i.e, a 
gas may be caUed "combustible" or a "supporter of 
combustion ", according to' the . circumstances under 
which the combustion is effected. That this should be 
so Is due to the fact that combustion of gases is simply 
a case of chemical combination in which the heat given 
out during the combination causes the production of 
flame in the region where the two gases are in contact.' 
We use the phrase "carbon combines with oxygen" 
: interchangeably with "oxygen combines with carbon" 
£)ind similarly th^re is no distinction, as regards the 
chemical change involved, between the statements 
"coal-gas burns in air" and "air bums in coal-gas". 

In the succeeding chapters ,some apphcations of 
what we have Teamt about the nature of combustion 
and /flame will be applied to problems connected with 
ventilating, warming, and lighting the house. \ 



QUESTIONS 

1. What are the usual products of the combustion of all ordinary 
fuels? How would you show that the substances you mention are 
actually formed when coal is biifnt? r 

, 2. What experiments would you perform in order to discover 
whether a certain lump of coal was anthracite or riot ? 
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3. What are the chief substances obtained in. the proeess of 
dry distillation of wood? 

4. Why does a candle flame deposit soot upon the outside of 
a clean cold vessel held in the flame, while placing the vessel in the 
flame of a gas-stove produces no such deposit? 

5. A sample of coal winch leaves a large proportion of ash is 
usually looked upon as being less economical to use than one which 
leaves little residue when burnt. Give reasons for the correctness 
of this view. 

6. Describe in outline the manufacture of coal-gas, giving a 
clear diagram showing the various parts of the necessary plant. 

7. Name the most important by-products of the manufacture 
of coal-gas. What useful substances are derived from these by- 
products ? 

8. State the conditions requisite tor the complete combustion 
of ordinary fuels. What substances are formed when such fuels are 
incompletely burnt ? 

9. By what tests may it be shown that the gas contained in 
three gas- jars is carbon monoxide? 

10. Sketch the apparatus you would employ to obtain a supply 
of carbon dioxide, and show clearly how this gas may be distinguished 
from nitrogen. 

11. Why is the flame of a Bunsen burner hotter when the 
air-supply is open than when it is closed ? 

12. What is the chief cause of the luminosity of a candle flame ? 
Describe experiments which bear out your statement. 

13. Paraffin oil contains carbon and hydrogen. What evidence 
can you bring forward in support of this statement ? 

14. Explain why a Bunsen flame sometimes strikes back. 
How may this behaviour be prevented? 

15. What woidd happen it a lighted lamp were brought into 
a room full of coal-gas ? Give reasons for your opinion. 
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CHAPTER II 

VENTILATION 

24. The cause of the sensations of discomfort 
experienced in Ul-ventilated chambers has long been 
the object of man's speculation and has given rise to 
much experimental work of the highest value frbm the 
point of view of hygiene. In the early days of modem 
chemistry, the prominent place occupied by oxygen in 
the scheme of. Nature was clearly grasped by many 
observers, and, the virtues of this element were, if 
possible, overrated. The proportion of oxygen in the 
air was adopted as the criterion of its "goodness", 
i.e. fitness for the respiration of man and animals. 
Hence aroSe the use of the eudiometer ("goodness- 
nieasuf er ") to determine the amount of Oxiygen present 
by volume in a given sample of air. The advent of 
more refined methods of measiirement showed that the 
variations in oxygen-conteht were really very smaU^ 
arid quite insufficient to account for the iU effects 
known to be produced by breathing the air of crowded 
rooms, mines, and similar places. 

The role of oxygen was now transferred to carbon 
dioxide. This ga^ was recognised as one of the principal 

- ^ constituents of respiredair, and the impleasant stuffiness 
of crowded rooms was ascribed to the presence of excess 
of carbon dioxide. Further investigation proved that 
the gas in the pure state was incapable of producing 

"- discomfort, unless present in much higher proportion 
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than occurs even in the worst ventilated spaces. (See 
Chapter i, par. 14.) ' 

It was next suggested that the trouble arising from 
bad ventilation was due to the organic matters which 
escaped from the body during respiration— both from 
the lungs and the skin. These were supposed to be of 
more or less poisonous character, the emanations of any 
single person being of little danger to that person, but 
affecting others much more severely. It has been 
shown that the emanations from a healthy person are 
not by any means of so harmful a character as was at 
first assumed, and consequently it has been necessary 
to seek for other causes of the evils which are mi- 
doubtedly attendant dn the neglect of proper regard 
being paid to ventilation in all inhabited rooms. 

25. The modem view of this matter may be briefly 
summed up as foUows : Healthy conditions of existence 
may only be attained in enclosed spaces when due 
attention is paid to the (1) regulation of the temperature 
to the proper degree of coolness ; (2) prevention of 
stagnation of the air by inducing air-currents of suitable 
strength; (3) keeping the degree of saturation of the 
air with moisture at the proper amount ; (4) reduction 
of the proportionate number of pathogenic, i.e. "disease- 
producing ", bacteria {v. Chapter xn) to as low a figure 
as possible. Each of these points receives further 
consideration in the following pages. 

26. The human body is. capable of continuing its 
functions without serious inconvenience in the face of 
very considerable variations in the temperature of its 
immediate surroimdings, provided that it is in a fairly 
healthj^ state, and is able to protect itself against 
extreme heat and cold by changing the nature and 
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quantity of its coverings. In Polar regions, tempera- 
tures as low as — 40° C. are endured by explorers well 
wrapped in skins, -while in a Turkish hath, the naked 
body may be exposed to a temperature of 50° C. for 
some time. The general consensus of opinion, however, 
is that, fpr persons inhabiting temperate clirdes such> 
as our own, it is desirable to maintain the temperature 
of the interior of dwelling houses at about 15° C. (or 
60° F.) in order to minimise the risk of discomfort and 



The methods by which the necessary adjustment of 
temperatuire to this figure are effected in winter belong' 
to the questioii of warming the house, and will be dealt 
with in a later chapter. During very hot suminer 
weather it is not of course always^ feasible to reduce 
the living-room temperature to 15° C, but it is usual 
■ to approximate as closely as may be to this standard 
by opening all windows, doors, and other inlets or 
outlets for au;, to their fullest extent. 

27. The prevention of the accumulation of stagnant 
air is perhaps the most important matter to be con- 
sidered in deahng with this subject of ventilation. As 
already mentioned, the body gets rid of waste products 
by. means of both the Imigs and the skin. In the 
absence of movements of the surrounding air, the 
moisture-laden emanations from the latter are not^ 
removed from the neighbourhood of the body and 
a layer of dainp foul air is soon formed' over the whole 
of the body -surface, especially where it is protected by 
clothes, the materials of which entangle and retain it 
readily. It is found" that, under such conditions, a 
feehng of discomfort is soon set up, which increases 
wit|h prolongation of the peripd of exposure to the 
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given conditions. Lowering of general vitality ensues, 
with consequent diminution of the power of the body 
to resist adverse circumstances, such as the attack of 
pathogenic -bacteria. 

Practically all methods of ventilation in general use 
have as their object the provision of a supply of air in 
motion. In most cases, advantage is taken of natural 
forces, such as convection and diffusion, to bring about 
the air-currents, and it is usual to group such methods 
under the heading of "Natural" systems of ventilation. 
Where large buildings, occupied by many persons, 
require ventilating, special machinery is made use of; 
and such systems are considered as "Artificial". 

28. Reference to the experimental work performed 
when deahng^ with the subject of convection in fluids 
in Part I, Chapter xi, will be sufficient to enable the 
reader to comprehend readily how house-ventilation 
may be effected by this process. 

The air heated by the fire expands and becomes of 
lesser density. The column of air contained in the 
chimney weighs less than a similar column of the 
external air. As a consequence, the pressure of the 
air-column in the chimney is also less than that outside 
it, and movement of air is set up from the region of 
greater to that of lesser pressure, i.e. from the room 
towards the chimney base. The cooler air from the 
room on reaching the fire-place is warmed in its turn 
by the fixe and the difference of pressure inside and 
outside the chimney is thus maintained, with the result 
that a continuous stream of cold air moves towards 
the fire-place as long as the fire remains ahght. Since 
the air thus brought to the neighbourhood of the fire 
is removed from the room by way of the chimney, a 
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further supply of air is forced into the room through 
the apertures in its walls by the external atmospheric 
pressure, and thus the prime requirement of constant 
motion of the air in the chamber is satisfied. Should 
the walls of the room be made of impervious material 
entirely free from openings, it js evident that the 
supply of air cannot be renewed, and in such a case 
the fire will hot bum properly. It is thus occasionally 
possible to improve the burning of a smoky fire by 
judiciously providing a larger air-supply by opening a 
window or door. : : 

-A similar explanation apphes to the action of all 
stoves which possess a fl^e conriected with the outer 
air, with regard to their fimction in assisting to keep 
the room well ventilated. 

In the case of stoves not provided with a flue, the 
air is kept in motion by the convection currents^ set up 
bjTthe stove, but the same air may be warmed and 
cooled repeatedly, and hence less fresh air heeds to be 
introduced into the room. Further, the air itself 
usually rises considerably in temperature as a result of 
this method of heating a room, and as this increase of 
temperature is not necessarily followed by a corre- 
sponding increase ijl the quantity of aqueous vapour 
contained in the air (see Part I, Chapter xiv, pars. 
160-162), the latter soon becomes unpleasantly dry. 
Evaporation of moisttire from the surface of the 
skin is rendered unduly rapid, with readily noticeable 
resultant discomfort. On these two counts, closed 
stoves compare very unfavourably as ventilating agents 
with open grates. 

Steam and hot- water "radiators" act in much the 
same way as flueless stoves, but are even less efficient 
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as veirtUators, since they require no supply of air 
whatever in order to maintain their value as heating 
•agents. Hence the best aids to ventilation are an 
ordinary open fire or a well-fitted modem gas-stove 
provided with a flue. 

29. In order to show that air-currents exist in a 
room heated by an ordinary fire, the following simple 
experiment may be performed. 

Experiment 26. Place a Hghted candle in each of 
the following positions in turn in such a room, and 
note the direction in which the flame is deflected in 
each case. 

(a) On the hearth in front of the fire. 

(6) On the floor near the wall opposite the 

fire-place, 
(c) Near the top of the door when closed and 

when open. 
(df) Near the bottom of the door in both cases 

as above, 
(e) Near the top of the window when slightly 

opened. 
(/) Near the bottom of the slightly opened 

window, 
(gr) Near the middle of the window when the 

top and bottom are both slightly opened. 
{h) At the keyhole of the door. 
(i) At. any other part of the room desired, such 

as the middle of the floor, middle of each 

side-wall, etc. 

Deflection of the flame towards the interior of the 
room, when the candle is held near any opening in the 
walls, will of course denote an inlet for cool air, while 
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bending of the flame away from the centre of the room 

will show that air is escaping from that opening. (The 

dii^ctions of the air-currents are better shown if the 

smoke produced by the burning of an aromatic pastille, 

or a piece of aromatic paper, be used as an indicator- 

instead of the flame of a candle.) 

In general, it will be found that openings near the 

top of the room act as outlets, while those near the 

floor are inlets, those at intermediate levels often 

affording indications yarying with the direction of the 

wiiid, the difference of temperature between the interior 

of the room and that prevaihng outside, or with some_ 

other factor. 

I 

Exercise for Student, 

Try to account for any indications obtained in your actual 
experiment which are not in accord with the' generalisations given 
1 in the text. ' ^ 

Similar experiments to the above sliould be per- 
formed in rooms he^ited by other means, such as gas- 
stoves, closed, coke or anthracite stoves j and hbt-water 
or steam pipes. 

30^ The tnost suitable inlet for air is provided by 
the open window. This should be opened both at top 
aind -bottom in order to obtain the best conditions, but 
it is found that, in very cold weather, such opening 
at the bottom is often impracticable on accoiint of the 
strong inrush of cold air through the lower opening. 
In this case the interposition of a wooden slab under 
the lower sash, so that the opening is entirely closed 
by the slab (see Fig, 19), will allow air to enter between 
the sashes at-the middle of the window. .Such air, 
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being deflected in an upward direction by the glass, 
does not fall so directly upon the heads of those seated 
near the window and hence less inconvenience is felt. 
Windows are sometimes 
.fitted with a projecting 
piece of wood, which sub- 
serves the same function 
as the wooden slab just 
mentionedi , This form of 
ventilator is known as 
Hinckes-Bird's ventijator, 
from the name of the 
doctor who suggested it. 

Many other forms of 
ventilator have been de- 
vised to assist in properly 
supplying air where it can- 
not be done thoroughly by 
means of open windows. 
It must be remembered 
that such ventilators are 
only of service in so far as 
they keep the air of the 
room in niotion. and thus 
prevent stagnation. Hence 
small openings are of iittle 
avail, and only those forms 
will be described which pro- 
vide apertures of sufficient 

size to allow of the passage of air rapidly enough and 
in sufficient, quantity to be of service in this respect. 
They should rarely be a necessary part of the equip- 
ment of an ordinary dwelling-house, and should be 
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board inserted 
beiow sash 
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fitted only in exceptional cirdumstances, e.g. in bed- 
rooms not provided with a fireplace. 

A. Sheringham's valve. This consists of -a flap of 
metal, hinged along its lower edge, fixed to the wall 
of a room opposite an opening of corresponding size in 
the wall. (See, Pig. 20.) By means of a small counter- 
poise, the flap may be lowered and air pfermitted to 
pass into the room. The sloping position of the flap 
c^iuses the air impinging upon it to take, an upward 
direction. The outer face of the waU is provided with 
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Fig. 20. 



Mg. 21. 



a metal ■ grating, and this should consist of large 
apertures, which should be kept as free as possible 
from dust. This ventila,tor, being intended as an inlet, 
should /be fixed at such 'a height that it will serve this 
end, and yet not so low that the incoming air will fall 
too directly upon the heads of the occupants of the 
room. 

■ ; B. Tobin's tube. A vertical metal tube, which 
should be of considerable cross-section and not too long, 
is placed against the inner face of one wall of the room, 
arid at its lower end is bent in a gradual, curve sothat 
it may pass through the wall. (See Fig. 21.) The 
opening on the outer face pf the= wall is provided -yidth 
a grating, which should not be of fine-meshed gauze, 
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but of narrow metal strips with wide openings between 
them. The inner opening is horizontal and should 
not be closed by a perforated plate or other apparatus, 
which may interrupt and lessen the inflow of air. 
The entrance of a certain amount of dust or soot from 
the outer air is of less importance from the point of 
view of health than the need for keeping the air in 
a state of continual movement. 

A system of Tbbin's tubes, combined with an 
arrangement for the extreiction of foul air at the topmost 
part of the room, such as a tube running from the 
centre of the ceiling between this and the floor above 
to the outer wall, may be of considerable service in 
rend^ering fit for respiration the air of a large room 
occupied by many people. 

31. It must be remembered that, whatever system 
of aids to ventilation be in use, and wherever the 
openings are situated, the presence of a fire in the room 
will in general cause the chimney to act as the sole 
outlet, all other openings being thus converted into in- 
lets. In windy weather, moreover, even when no fire is 
burning iji the grate, a marked upward air-current due to 
aspiration is set up within the chimney. That is to say, 
the passage of a large mass of air over the relatively small 
opening at the top of the chimney causes a decrease of 
pressure near the top of the latter (cf. Experiment 18, 
Chapter!), with the result that' motion of the air in the 
chifainey towards the region of lesser pressure ensues. 

Another point worthy of notice is that, in houses 
constructed upon the usual plan, all stairways being 
arranged in one large central shaft, this shaft by virtue 
of its comparatively great length, acts as a flue, air 
from all the rooms on the lower floors being carried 
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UpFards and discharged from the openings present in 
the highest floors. In some cases the difference of 
pressure is sufficiently great to extract air even from 
beneath the floors of the lowest rooms through the 
cracks in the latter. This air is usii.ally laden with much 
moisture and in some houses with the products of the 
decay of ofganie matter in the soil beneath. the house. 
It is of importance that, the accidental entrance of 
groimd air into a house should be prevented as far as 

"^^possible, and that the, air under the house should not 
be allowed to become stagnant. ' Proper ventilation of 
the space beneatlr the ground floors reqmres as much 
care as that of the rhouse in general.' It is c6mnionly 
effected by plaicing "air bricks ", i.e. spaces of the 
size, of a brick in the thickness of. the wall, fitted with 
gratings, on all the exterior walls of the house, imme- 

, diately beneath, the floors of the lowest rooms. Such 
air bricks should be carefully, protected from being 
choked with earth or other matter, and should be 
tested from time to time in order to discover whether 
they are performing their function properly. 

ExPERiMBN-T 27, Test whether the air bricks 
beneath the floors of any available dwelling are working 
by holding the hand or a lighted taper near each in 
turn. Note the. direction of the air current from each 
hole and the direction of the wind at the time of 
experiment. , If possible repeat the test on another 
day when the prevailing wind is coming from another 
direction. .1 

32. Artificial systems of ventilation have no place 
in ordinary houses. They are of use in the case of 
large buildings or of ships which cannot be effectively 



54 



Domestic Science 



ventilated by taking advantage of the ordinary methods 
of setting up convection currents. In the "Plenum" 
systems, air is warmed and forced into the room or 
rooms to be ventilated by means of a powerfut fan, 
and flues are generally provided, also for the extracticm- 
of the befouled air. In the "Vacuum" systems, the 
foul air is extracted by a fan or fans, and inlets are in 
general provided by which warmed air may enter to 
replace that withdrawn. 

33. The process of diffusion plays a part, although 
a subordinate one, in the process of ventUatiou. The 
materials of which houses are constructed are usually 
more or less porous, and we have already learnt in 
Part I, Chapter v, that gases pass through such 
materials. The following experiment will serve to 
illustrate this point. 



Experiment 28. FiU two jars of 
equal size, one with dry ammonia and 
the other with dry hydrogen chloride. 
(See Chapters vi and xi.) Remove 
the glass plate from the mouth of the 
jar of hydrogen chloride, and replace 
it by an imglazed plate or tUe. Invert 
the jar of ammonia gas, remove its 
plate and place it, mouth downwards, 
upon the upper surface of the porous 
plate, immediately above the mouth of 
the other jar. The ammonia is lighter 
than the hydrogen chloride, but slowly 
mixes with it, the process of admixture 
being- clearly shown by the formation of white fumes 
in each jar. These fumes consist of solid particles of 
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ammonium chloride, the compound formed by the 
oliemical union of the, two gases. 

Houses built of brick afford, when the inner walls 
are either distemj)ered or covered wittt miyamisjied 
paper, a certain amount of scope for the proqess of 
diffusion to go, on. Stoiie walls are less pervious, and 
the walls of buildings constructed of metal, siich as 
galvanised iron, aUOW very little diffusion to occur. 
The plaster of ceiUngs is also sufficiently porous to 
pernoit of diffusion readily taking place, and the current 
of hot air from a gas-burner, carrying with/ it burnt 
particles .of dust, is largely absorbed by the ceiling 
material, the brown patch left being evidence of the 
stoppage of burnt matter which cannot pass through 
the pores of the plaster. , 

Wet brick, and wet porous ip.aterial in general, 

-possesses much less efiScacy as a diffusive medium 

than does the dry substance. It follows that the walls 

, of a house should be kept as dry as possible on this 

' cpunt alone, irrespective of other dangers arising from 

their dampness. 

Other matters incidental to the~ proper ventilation 
of a house wiU be taken up in conjunction with the 
description of the chief methods of' heating and lighting 
now in use 'as given in the following chapters. 
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QUESTIONS 

1. Why is It necessary to change the air of living-rooms 
frequently? ' 

2. Describe what you consider the best methpd of ventilating; 
a sitting-room and a bed-rbom. 

3. Explain the action of any form of ventilator with which 
you are acquainted. 

4. By what experiment would you try to prove that bricks 
are made of porous material? ' 

5. What are the uses of the flue of sx>. ordinary fire-place ? • 

6. Suggest an explanation of the formation of a downward 
current of air in a chimney situated upon a north wall/the fire being 
unlighted. 

7. What natural forces are made use of in promoting the 
proper ventila,tion of a dwelling-house ? Explain the way in which 
each acts, and describe an experiment in illustration of the action 
of each force you mention: 

8. What becomes of the carbon dioxide produced \>y the 
burning of coal in an open grate? 

9. Sow do you account for the occasional occurrence of an 
upward current of air in a chimney over an unlighted fire ? 

10. Why should gas and anthracite stoves be provided with 
flues? 

11. In a room heated by a closed stove a vessel of water is 
often placed upon or near the stove. Suggest the reason for this 
practice, 
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CHAPTER in " 

HEATING : 

^4. The heating, lighting, and ventilation of a, 
house are largely interdependent, and much - of the 
matter dealt with in this chapter lias a bearing on 
the subject considered in Chapter -n. In Part I, 
Chaptei xi, it was shown that heat may be transmitted 
by three different methods — conduction, convection, 
and radiettion. Each of these plays a part in the heating 
of a house, that of conduction being least prominent. 
It should be. noted that the lighting of the house is 
effected by means of agents which are also sources of 
heat and in fact the greater part of the energy generated 
by the ordinary sources of light is produced in the form 
of heat/ Light is actually transmitted by rays which 
are similar in character to those of radiant heat, and 
light rays themselves are capable of raising the tein- 
peratWe of bodies with which they come in contact, 
though to a lesser degree than the radiant heat rays. 

35, We will first examine the effect upon the human 
economy of the supply of ; artificial heat by the t\^o 
methods of radiation and convection. The former is 
the method of Nature. Heat frorh the Sun passes to 
the Earth in the form of rays which do not appreciably 
teat the Earth's atmosphere while travelling through 
it. In order that this heat may become apparent to 
our senses, the interposition of an object in the path 
of the rays is needed. The energy of the heat rays is 
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in part absorbed by such an object and is used to raise 
its temperature. The surrouiiding air is then -warmed 
by conduction with the result that convection currents 
are set up in the air, which is thus in course of time 
raised in temperature. Since the air receives its_ heat 
from the objects in contact with it, it is in general at 
a lower temperature than the ground and the other 
, bodies upon which the rays from tite Sun impinge. 

Artificial heating by radiation is the. mode of chief 
importance in the case of the. open coal fire — ^the usual 
system of warming living-rooms in vogue in this country. 
The--walls and the furniture become warm, but the air 
of the room remains comparatively cool. In this way 
the indoor conditions are made to resemble those 
existing outside, and hence little strain is imposed 
upon the bddily, f unctibns as they are not called upon 
to adjust themselves to a new set of conditions. The 
coolness, of the air has a stimulant effect .upon the 
skin, and the danger of chill arising from the body 
being much warmer than its surroundings is con- 
siderably mitigated. It will be seen that the prejudice 
ia favour of the open fire is not merely sentimental, 
but has a sound and reasonable basis. 

Where the system of heating adopted provides that 
convection shall be the chief means whereby heat is 
transmitted, as in warming a building by hot- water or 
steam pipes, the air in contact with the hot pipes is 
first heated by conduction and thfe convection currents 
thereby set up cause the heat to be carried to aU parts 
of the room by the warmed air. The air itself is thus 
at a higher temperature than the walls and furniture, 
and these latter frequently remain comparatively cold. 
A person seated near an outer wall may be surrounded 
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by air at. a much highier temperature than is the case 
in a room, hearted by an open fire, yet may suffer a 
cliill through losing heat by radiation from the body 
to the cold wall. Warm air is not so plfeasant to 
breathe as cool air, and often engenders a feehng of 
lassitude in those inhabiting rooms warmed by con- 
vection systems. 

Prom the above remarks it will be iiif erred that, 
other;; things being equal, it is preferable tp heat the 
rooms of ordinary dwelhng-houses by methods, which 
provide that the greater part of the heat supphed shall 
be in the form of radiant heat. In the following 
paragraphs the merits and demerits pf^varipus heating 
appliances will be put fprward. 

36. We have seen that the open coal fire has.much 
to recommend it from the.point of view of/ health and 
.corflfort. The chief drawbacks associated' with ittarie 
that it is a wasteful method of -heating and that it 
involves the production of much dust, with, the, con? 
sequent need for considerable labouj. to. be expended 
in cleaning. Modeni grates are now poristructed spaa 
to minimise as far as possible the. wastage of heat; by 
making the ffont of the .gr^te. as wide as convenient^ 
lessening its depth as far as can well be done, makimg 
use of as much firebrick as possible in its constroictioiij 
and rendering the opening to the flue adjustable to- the 
least size compatible with thfe provision of sufficient 
draught. Fig. 23 shows the construction "and appear- 
ance of such a , form of grate. The use of firebrick 
increases the radiating power of the grate and lessens 
the loss of heat by conduction. The metal parts of 
the grate are usually covered with a layer of black-leadj 
the object of this being to improve the radiation from 
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the STirface of the hot metal, as well as to preserve it 
from rust. 

Most of the heat wasted escapes with the large 
■Volume of warm air which passes up the chimney and, 




Fig. 23. 



in the older forms of grate, the amoimt thus lost was 
iacreased by the bottom of the grate being open, thus 
allowing a stream of cold air to pass beneath the 
burning mass in the grate and to be forced upward 



Heating 



61 



through it in greater quantity, than was absolutely 
required, for the purposes of combustion of the fuel. 
In later forms, this is prevented by a movable iron 
door, being provided by means of which the bottom of 
the grate'may be practically closed as soon as the fire 
is bufmng brightly. The ilse of this , 'contrivance, 
commonly termed an "economiser", also prevents the 
fuel from being burnt as quickly as was the case in 
the earlier patterns of stove, i.e. combustion is equally 
complete, yet less rapid, while the amount of heat 
available for the pm-jiose of warming the room is 
increased without at the same time a larger supply of 
fuel-being demanded. 

37. Many other methods of rendering the open 
; grate less v^'Steful in its action have been put forward, 
of which two deserve special mention. 
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In the &;st, due to Sir Francis Galton, the chimney 
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flue is surrounded by an air-chamber, as indicated in 
Fig. 24, the latter being in direct communication with 
the outer air near the bottom of the chamber, and also 
communicating with the interior of the room to be 
warmed by means of an opening in the face of the' 
wall, usually, situated immediately over the fire-place. 
The incoming air. is warmed by its passage over the 
heated brickwork of the chimney, and entering the 
room at a considerable height from the floor, slowly 
descends as it cools and parts with its heat to the 
contents of the room. The heating in such a case is 
a combination of radiation and convection methods, 
and in winter the ventilation of the room is assisted, 
without the inconvenience often experienced through 
the entry of very cold air-Currents. 

The second method of economising the heat from 
,the open stove is of more modem contrivance and 
consists in having a boiler suil;ably enclosed within 
the lower portion of the flue, this boiler being connected 
with a series of pipes which pass to other parts of the 
house and are expanded in coils in the various rooms 
as so-caUed "radiators". In fact, the arrangement 
consists of a hot- water system on a small scale, and 
may be of great service in warming bedrooms, haUs, 
and the hke without materially increasing the quantity 
of fuel consumed. Similar contrivances may be 
obtained, whereby the domestic hot-water supply is 
arranged in series with a number of radiators, the 
source of heat being in this case the kitchen range — 
commonly a most expensive coal consvuner. 

38. A praiseworthy attempt at making the greatest 
possible use of the heat supplied t>y a given quantity 
df fuel is afforded by the neat combination stove 
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Fig. 26. 
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shiown on page 63. It is especially suitable for small 
households in w)iich little outside help is available. 
The figures show the general appearance and construc- 
tion of the stove, which is known as the "Interoven". 
A small boiler at the back of the grate affords a sufficient 
supply of hot water for the wants of a few persons, 
while an ingenious arrangement of dampers and flues 
permits of cooking .being done quite satisfactorily in 
the oven situated over — ^instead of beside — ^the fire. 

In Fig. 25 the appearance of the stove when in u.se 
for cooking is shown, the oven door which forms the 
front of the false canopy being open, while Pig, 26 
shows a similar ■ stove when arranged for use as an 
ordinary open grate. 

39. Modern forms of gas stoves may now be classed 
among those heating agents which supply chiefly radiant 
heat. Such a stove as the one shown in Fig. 27 may 
take the place of an open coal fire without loss of 
comfort and without forfeiting the advantages claimed 
for such an open fire from the point of view of health. 
The shallow character of the modern coal-burning grate 
is copied and the fireclay back and hollow cylindrical 
"gas-fuel" are both excellent .radiators when heated 
to a sufficiently high temperature. The provision of 
a small flue, which should be inserted into the chimney 
of the ordinary fire-place — the rest of the chimney 
opening being left uncovered to allow the fiue of the 
gas stove to aid ventilation by acting as an aspirator — 
prevents the products of combustion from polluting the 
air of the room. The efficiency of a well-constructed 
stove of this tjrpe is much greater than that of the 
open coal fire, and coal-gas is thus able to compete 
with coal in spite of its price being usually higher. 
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comparatively, than that of coal, while the convenience of 
being able to obtain quickly a hot fire, which may be en^ 
^ -tirely extinguished the moment it is no longer required, 
rtogether with the freedom from the labour involved in 
the frequent cleaning of coal stoves, renders the gas" 
stove of' the present day a serious competitor of the 
older heating appliance. A furthe? advantage which 
may well be urged iti favour of the more common use of 
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gas as a heating agent is the fact that in a good stove, 
its combustion is complete, except during the first few 
seconds after lighting. , Thus there is no unconsumed 
cirbon, in the form of smoke, emitted by a gas stove. In 
largetowns this matter should receive more considera- 
tion than. is the case at present, since, in addition to the 
actual fouling caused by the presence of smoke particles 
in the air breathed by the inhabitants of towns, such 
particles form nuclei around which water particles may 
readily condense, thus assisting -to prodilce the dense 
iogs occurring in and around some of our large towns. 

H. D. S. II. 5 
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40. In the preceding paragraphs it has been 
claimed, on behalf of the open' fire and the. gas stove, 
that they supply radiant heat chiefly, thus copying the 
method of Nature. One drawback should be noted, 
however, which is of especial importance in the case 
of large rooms heated by radiant heat. 

Experiment 29. Blacken the bulb of a Centigrade 
thermometer reading to at least 100° by covering it 
with a thin layer of Brunswick black. (Or, if preferred, 
a single layer' of black paper — the strips used for fixing 
together lantern slides will serve — may be gummed 
around the bulb.) Suspend the thermometer from a 
retort stand in front of a bright coal fire or a gas stove 
at a distance, of 50 cm. Allow it to remain there until 
the temperature registered shows no further increase. 
Read off this maximum temperature. Remove the 
thermometer to a distance of one metre and repeat the 
operation of waiting till the temperature has reached 
its maximum and again record this. Further readings 
may be obtained at other* distances from the source 
of heat — say at 150 cm., 200 cm., and 300 cm. It wUl- 
be found that the maxima recorded vary greatly, and 
that the drop in the maximum is most pronounced 
between the earlier readings. A ciu^e may be platted 
(see Part I, Chapter xiv) showing the relation between 
the maximum temperatures and the distances from the 
front of the stove. 

Exercises for Student. 

1. Why is the bulb of the thermometer blackened before 
performing this experiment? 

2. Obtain from your curve the temperatures to be-expeoted 
at distances of 75 cm. and 225 cm. from the stove. 
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The relation between the amounts of heat which 
fall Upoii surfaces- of sinular area in such a case as the 
above may be expresse4 as follows : 

The quantity of heat reqeived; from a source of 
radiant heat by a surface of given extent varies 
inversely with the square of the distance of the 
surface from the source of heat. 

This is one of the "Laws of Inverse Squares", and 
the meaning of it is'as follows: Suppose that the 
surface to be heated is placed successively at distances 
of ,1, 2 aiia 3 feet from the fire, the quantities of heat 
falling upon it will be represented by the numbers 
9, 4, and 1, if the heat received at a distance of 3 feet 
be taken as the imit. 

From the above consideration, it may readily be 
inferred that, in $. large room, persons near the fire 
may feel comfortably warm, while those at some 
distance. from it are not conscious of receiving much 
benefit frOm the heat; In this . respect, systems of 
heating in which CQfivectioh is the chief means employed 
may claim an advantage over those depending mainly 
upon radiation for tbeir effect. Where a room is heated ^ 
by hot water or steam, the air itself is warmed and, 
if suitably distributed throughout the room, wiU cause 
the temperature of even those- parts most distant from 
the pipes or radiators to be raised to a greater com- 
parative extent than is the case with the open grate 
system of heating. " 

Experiment 30. Repeat the preceding experiment^- 
if feasible, in a room heated only . by hot-water or 
steam pipes. Plac6 the thermometer at varying 
distances from some given part of the pipe or from 

5—2 
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the front of a radiator, and record the steady maxima 
of temperature as before. Plot another curve showing 
the relation between temperature and distance. It 
will be found that, in general, the differences of tem- 
perature are smaller,, and that the maxima decrease less 
rapidly with increasing distance of the thermometer 
from the source of heat. 




Fig. 28. 

41. Several of the forms of heating appliances in 
use provide both radiant and convected heat. The 
closed stoves, of which the anthracite stove shown in 
Fig. 28 is a good modern example, are members of this 
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class. The tall cylindrical type of closed stove, more 
commonly found on the Continent and in America than 
in this country, is another. Such stoves may be 
efficient and healthful sources of heat, provided that 
they are made of good, wrought iron, and are provided 
■with a flue which carries aU products of combustion into 
the outer ain. Cast iron has been shown to be readily 
permeable to gases, and carbon 'monoxide, which may 
be fonned by .the incomplete combustion of the contents 
of a closed stove, may thus gain access to the air of the 
room. Being inodorous, its presence is not easily 
detected, and, on account of its pSisonous properties, 
, its occurrence in the air of a hving room is greatly to 
be deprecated. 
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For the purpose of heating halls, corridors, stair- 
cases, stores, or other rooms not used for long periods 
as habitations, a convenient combinatton of gas and 
steam heating is provided by the ra.diators of the type 
of the "Main" radiator shown in section in Mg. 29. 
By an ingenious arrangeinent of an automatic valve 
and by-pass the pressure- of the steam and hence the 
temperature of the radiator may be adjusted as de- 
sired. (Cp. Chapter xn, par. 132.) The fitting of a flue 
to carry off the products of combustion of the gas 
enables such a radiator to be used for heating large 
rooms where circimistances do not permit of the 
installation of the more common formjs of heating 
appliances. , 

The electric radiators now on the market are 
usually soinewhat too ex- 
pensive to be installed in 
ordinary households with a 
due regard for economy. 
A certain amount of their 
heat is actually i radiant, 
but a great portion of their 
value as heaters arises from 
the convection currents set 
up in the air immediately 
above them. Points in their 
favour are that they are 
extremely cleanly in action 
and that they are even less 
troublesome to bring into use and to extinguish than 
a gas stove. 

Oil stoves are not in very general use for heating 
purposes, although the practice of warming bedrooms 
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with stoves similar to that shown in Fig. 31 seems to 
be increasing. Their use for this purpose is to be 
deprecated, unless the ventilation of 
the chamber is exceptionally good, 
and a first class stove, in which the 
combustion of the oil is rendered as 
complete as possible, is employed. 
A futrther improvement is to use only 
wicks which have been treated with 
chemicals, as in Stemps' process, where- , 
by they are rendered practically incom- 
bustible and do not char, thus giving 
a good flame /continuously with less 
attention than is the case with ordinary 
wicks. 

42. Systems involving provision 
of heat mainly by conv6ction are com- 
monly used in this country for large 
btiildings and apartments only, or as a means of heat- 
ing auxiliary to open fires. Fig. 32 gives in outline 
a diagram of a hot- water system. The furnace and 
boiler are situated in the basement of the building to 
, be warmed, and the supply pipe leaves the boiler near 
its topmost point. Heated Water rises in tliis pipe by 
the usual convection currents being set up when the 
furnace is lighted. In low pressure systems, similar to 
that figured, the hot water passes to the radiators on 
each floor by means of branch flow pipes as shown, tiU 
it reaches the^ top floGr. The return pipe from the 
last radiator on tMs floor is, connected with xradiators 
in halls and corridors and from the last of these is 
continued to its point of entry near the bottom' of 
the boiler. The cold-water supply pipe is shown as 




72 



Domestic Seience 



connected to the main return near its entrance to the 
boiler, the upper end of the former pipe leading from 
a small feed tank which is open to the air to allow for 
the expansion of the water in the system when heated. 



^ZZl 



Ooerf/oi 

Combined feed & 
expansion tank 




''a 



, Cold acder 
house oiatem 



Stop cock 




ft. denotes radiator 

V. ,, regulating aalue 



Kg. 32. 
(Compare with the simple apparatus used in Experiment 
73, Part I.) 

The arrangement above described is known as a 
low pressure system, and the temperature of the water 
in the pipes rarely exceeds 180° P., even in the radia- 
tors nearest the source of heat. To obtain a higher 
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temperature, the pipes must form a closed system, and 
it is -usual to arrange a portion of the jpipe as a boiler 
coU in the furnace. (See Eig. 33.) The course taken by 
the water from the boiler coil is clearly indicated in the 
figurp- By the use of an aiixiliary tanlf as shown, 
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Tank 
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'•heated by coil 



Fig. 33. 

a, supply of hdt water for domestic purposes may be 
obtained. AH parts of such a "high pressure" system ' 
must be strongly made, and provision must be-'made 
against possible bursting of the pipe by means of a 
safety valve, which penults of the escape of steam, 
should the temperature of the enclosed water reach a 
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higher point than was contemplated when the instal- 
lation was effected. Reference to par^ 92, Part I, will 
explain how the temperature of the water may be 
I'aised considerably in such a system without boiUng 
taking place. Temperatures as high as 300° F. ^ may 
be aittaiaed with safety in a properly constructed high 
pressure system'. , 

Heating by steam is usually carried out with , 
"superheated" or "dry" steam, i.e. steam under 
pressure at a temperatiure above that of the ordinary 
boihng-point of water at that pressure, since, by its 
use, the probability of condensation of some of the 
steam to water in the cooler portions of the circuit is 
lessened. (See Chapter xn, par. 132.) It is especially 
suitable for factories or other large buildings where 
steam is used as a motive power, the waste steam 
which escapes from the exhaust of the main boiler 
being led round the building, which is thus heated 
economically. 

The method whereby a supply of hot water for 
baths and other domestic purposes is obtained by^ 
using heat from the kitchen fire may well be dealt 
with at this point since the principle involved is the 
same. Fig. 34 shows diagrammatically one such 
system known as the "Tank and Cj^^linder" system. 
The course of the water from the "saddle" boiler — 
beneath the arch of which the flames and heated air 
from the fire pass on their way to the kitchen chimney — 
to the various parts of the system may be readily 
traced by reference to the wording on the diagram. 
The opening of the expansion pipe is usually situated 
above the main cold-water cistern. The hot-water 
cylinder is sometimes contained within a cupboard 
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fitted A?idth open shelves, so that the heat from the 
cyhnder may be of service in airing household linen 
after washing. 
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f' Exercise for Student. , 

How does the high specific heat of water render it of especial 
value as a suitable medium for conveying heat through considerable 
lengthjS of piping ? , • " 

4:37 The special coils of pipes placed in the various 
apartments, although termed radiators, actually heat 
almost entirely by setting up convection currents in 
the surrounding air. They are placed most suitably 
beneath windows or other inlets for fresh air, the 
heated upward current of air being thus caused to 
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mingle with the cooler iriconiing stream, and the fresh 
air being distribulied throughout the room without 
causing any unpleasant sensation of cold. It may be 
well to point out once more that convection systems 
of heating do not necessarily involve the provision of 
large volumes of fresh air in order to maintain their 
efficiency, as is the case with appliances affording 
radiant heat as the result of combustion. . Hence the 
provision of proper ventilation is of greater moment 
in apaxtments heated by hot water or steam, and where 
such methods of heating are used in small rooms, the 
ventilators should be so arranged that they are not 
readily interfered with. ' 

Another matter which deserves consideration is that 
the pipes and radiators should be kept clean and free 
from dust. The jmpleasant smell of the heated air 
arising from the different parts of the system is largely 
due to the action of heat upon organic matter contained 
in the dust with which the interior of the radiators is 
frequently encrusted. 

44. Other sources of heat are used under special 
circumstances. Where large manufactories aboimd, 
"wa.ter-gas" may replace coal-gas. Water-gas is pro- 
duced by passing steam over red hot «oke, or other 
form of carbonaceous fuel, and consists chiefly of 
carbon monoxide and hydrogen. The reaction is 
represented by the equation: 

Carbon + hydrogen oxide = carbon monoxide + hydrogen. 

"Producer-gas" is another manufaoturing product 
which may replace coal-gas. It is formed when air 
is forced through thick layers of burning coke, the 
oxygen of the air combining with the carbon to form 
chiefly carbon monoxide. As we have already shown 
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in Chapter i, this gas burns readily to the higher oxide 
of carbon, and is^ thus a valuable, source of heat. 
Producer-gas consists of about 63 per cent nitrogen, 
derived from the air used in making it, the remainder 
being mainly carbon monoxide, mixed with a Mttle 
hydrogen and carbpn dioxide. , . ' 

, The presence of so large a proportion of carbon 
monoxide in these substitutes for coal-gas is a source 
of danger where these bodies are used for household 
heating purposes. The smell of ordinary coal-gas soon 
makes known the existence, of . a leak, but water-gas 
and producer-gas contain no odorous constituents. com- 
parable with those to which the smell of coal-gas is 
due. Consequently a considerable quantity of either 
of these gases may escape withoiat the leakage being 
detected, and, as carbon monoxide is an active poison, 
serious effects may easily follow such leakage. The 
difficulty may be overcome by the addition of some 
odorous volatile constituent to such gases, when they 
are made use of for hou^sehold purposes. ' ■ 

An interesting apphcation of previous work upon 
the question of the evolution of heat during change of 
state (see Part I, Chapter x) is to be found in the 
fopt-warmers used on some railways. These aye filled 
with a hot saturated solution of sodium acetate. This 
liquid, while cooling, gives out heat from two sources, 
~ part ol its virtue being dependent upon the heat 
supphed by the coohng of the water, but the major 
portion being derived from that set free during the 
crystalUsatiori of the sodium acetate, i.e. evolved While 
the substance is changing from the hquid to the soM 
state. It is said that, as a heating agent, such a solution 
is f om- times as efficient as an equal bulk of water. 
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45. Closely connected with the subject of the 
heating of dwellings is that of the heating ap'pliances 
ne9essary f or the performance of the various operations 
of cookery. Coal, coal-gas, oU, a;nd electricity have all 
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been pressed into service for Jdtchen use. The older 
forms of kitchen range were generally regarded as 
expensive on account of the la];ge supplies of fuel 
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needed to obtain sufficiently high temperatures for 
successful cooking. In modern types_ of ranges, this 
defect has been to some measure overcome, and in such 
a range as that shown in Fig. 35 the cost of cooking 
operations is probably as low as with any other system 
of heating.j Since s.uch. a stov.e is usually fitted with 
-a boiler connected with a hot water supply for domestic 
use and for baths, some of the heat which would other- 
wise escape into the flues being thus usefully employed, 
it may be, looked upon as, an efficient adjunct to the 
household. The names of the various parts given 
beneath the figure will suffice to indicate the manner 
in which, the heat is conserved as much as possible, in 
accordance with the principles already mentioned with 
respect to ordinary coal fires. Such a range as that 
shown would be too large for a small hqusehold, but 
smaller varieties may be obtained in which alnlost y 
aU the good features are preserved. For the most 
economical arrsingement, in which the same stove may 
be used both as a range and as an open. fire for the 
dining-roOm when not in use for cooking, see par. 38. 

The disadvantages of the open coal fire are also 
attendant upon the use of the coal-fed kitcheners. ^ 
Grea;t care needs to be exercised in keeping the flues frbe 
from soot aiad considerable labour is involved in the 
operations of cleaning and removing waste. Hence 
the gas cooking-stove has -become exceedingly popular 
of late, especially in: those households ^here service is 
shared by "few and econon|.y in prepar%tion of food is! 
desirablq. A. good modern gas stove is illustrated in 
Fig. 36. For ready cleansing, the interior of the oven 
should be enamelled with a well-fired enamel;, and it , 
is better ,to have the hot plate treated similarly, 
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A disadvantage of the gas stove is that the products 
of d6mbus%ion of the gas are brought into direct contact ~ 
with the food cooked in the oven. When the gas is 
burning properly, this is of little moment, but careless 
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faanagement pf the contents of the oven frequently 
results in grease or other matter being dropped upon 
the burners, and, unless these be cleaned, incomplete 
combustion of the gas, together with destructive 
distillation of the waste matter, may ensue with 
disagreeable results. 
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In the earlier pa1;terns of oil stoves illuminating 
flames produced by the use of large .flat -wicks were 
employed as the source of heat. It is difficult to 
keep such a stove in a state of cleanliness and efficiency 
such that no smell arises and no. soot is deposited in 
the interior of the, stove. The application of the 
principle of the Bunsen burner, conjointly' with a 
method of vplatOising the oil before burning, has 




/Fig. 37. 



. produced wickless paraffin stoves of great heating 
power free from the above defects. Fig. 37 is a 
sectional drawing of the well-known "Primus" stove. 
The small quantity of oil which always remains in the^ 
coils beneath the burner is gasified by burning a little 
methylated spirit in the cup (6). The vapour'produced 
is ignited and a few strokes of the pump {d) cause the 
paraffin to; be forced through the heating coil of the 
burneir' to the fine jet (e). Here it escapes and mixes 
with air, the liiixture burning with a blue smokeless 

H. D. S. 11. • 6 . 



82 



Domestic Science 



flame around the cup at the top of the burner. Jhe 
heat conducted from this cup to the coil is sufficient 
to render the oil in the burner tubes gaseous and the 
stove continues to work with very little further atten- 
tion. Should the flame become smaller than is needed,^ 
a few strokes of the pump 
will increase the supply of 
oil and produce a stronger 
flame. Special ovens may 
be obtained ' fop use with 
such stoves and they are of 
undoubted service in dis- 
tricts where fuel is scarce 
or where fires are not in use 
during -the summer months. 
A stove of the pattern shown 
in Pig. 38 will cook a dinner 
for five or six persons, one 
quart of oil being required 
to effect this. . 

Electrical copking iappliahces are now upon the 
market, but the prime cost of the electricity required is 
in general too great for their extended use. Reductions 
in cost ,are, however, being effected and the evident 
advantages of freedom from dirt, smeU, waste, and 
products of combustion, together with ease of working 
and keeping clean, will undoubtedly lead to considerable 
use of this method of cooking, as soon as the cost 
approximates to that of Cooking by tbe aid of coal or 
ga$. 
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QUESTIONS 

1. Discuss the relative merits of open coal fires and gas stoves 
as suitable lieating appliances for' ordinary living rooms. 

2. Show that conduction plays a part in each of the various 
systems of heating mentioned in this chapter. 

3. Why is the ordinary~open fire of service as an aid to 
ventilation? '' 

4. Give reasons Jor the preference Shown in most households 
for. using coal fires rather than less troufelesome heating apparatus, 
such as -hot- water '^ipes or electric radiators. 

5. Why are closed Stoves the favourite heating appliance in 
Russia? 

6. .Convejotion systems of heating usually cause the air to feel 
dry and l>he skin suffers discomfort urcder such conditions. Suggest 
a possible method of remedying this defect in part. 

7. For what reasons would you consider a well-fitted modern 
gas stove to be preferable to an' ordinary coal fire in a sick room? 

8. Describe any form of hot water apparatus with which you 
" are acquainted, giving an outline sketch of the apparatus required 

and an account of the principles involved in its working. 

9.. Give a brief description of any methods you know whereby 
the waste heat "ftom a coal ^ fire may be rendered serviceable as- 
a source of heat in other parts of the house. , - ^ 

. 10. Writer short essay upon "The relation of Ventilation to 
I Heating". ' 
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CHAPTER IV 

LIGHTING I 

46i In the preceding chapter it was mentioned 
that light was propagated by means of rays similar 
to the rays which afEord the sensation of heat. " Such 
light rays are in general produced by soUd bodies in 
a state of "incandescence", i.e. raised to such a high 
temperature that they emit both heat and light rays. 
Thus in the flames of ,candles, coal-gas burning from the 
ordinary fish tail burners,- and of oil lamps, the solid 
substance which is rendered incandescent is carbon, 
separated out by the partial decomposition of the 
materials burnt, and heated by the combustion of the 
remaining portion of the hydrocarbons, of which those 
materials are composed. In the case of the Welsbach 
light the incandescent body is not a part of the 
burning substance, but is made of a material which 
exhibits in an especial degree the phenomenon of 
incandescence. The filament of an electric lamp is 
n^ade to glow by the heat developed by the passage 
of the electric current through the material of which 
it is made. Systems of lighting in which the incan- 
descent substance is not a sohd are not in general use, 
but an example of an incandescent gas is afforded by 
the form of electric lamp in which mercury vapour is 
the illuminant. 

In considering the efficiency of any source of light, 
attention must be paid to the conditions under which 
the light is used. One of the factors , which is most 
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frequently neglected is the nature of the surfaces 
surrounding the lamp. Thus, it is of no avail to com- 
pare the light given by any two lamps, one of which 
illuminates a room papered with a paper of a light 
green or blue tint, while the other is used in another 
apartment, of which the walls are covered with a deep 
red paper. It may be taken that, for hving rooms, the 
best and most-cheerful, results are obtainable when the 
walls and furniture are chosen of as light a tint as 
possible. The human economy is readily respondent, 
to the^ature of its syrrbundings, and the gloom of 
many rooms, papered with dull-toned paper and filled 
with furniture of an even deeper hue, is responsible 
for much discpinfort to those condemned to- dwell- in 
them. 

Wrong position of the light is a further source of 
trouble ifind serious eyestrain may readily result from 
improperly placed illuminants. No unshaded hght 
should be at a lower level than six feet, as the eye is. 
obliged to accommoda-te itself each time .a Hght below 
this level passes across its range. Lights, even when 
placed' high enough, are • best shaded, and this is 
especially applicable to the many modern lamps of 
high iLlumina,ting power. ' 

47. Our next consideration wiUbe directed to the 
matter of tlie various methods of lighting in common 
use, comparing those dealt with from the dual standard 
of economy and eflBciency. ' 

The candle is one of the earUest sources of artificial 
Ught, but has now httle bearing on the question of 
the actual lighting. of living rooms, being oiily made use 
of in rare cases for- such a purpose. The difficulty 
experienced with the old-fashioned taUow candle of 
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keeping the wick free from accretions of soot, which 

rendered snuffers an indispensable adjunct to the 

hghting equipment in former days, has been 

overcome in the present day paraffin or 

stearin candle by an ingenious device. The 

wick is composed of several strands of 

thread plaited together by special machinery, 

and one of these threads is stretched more 

tightly than its fellows during the process 

of making the wick. By this means the 

wick, while the candle is burrong, is kept 

in the bent position shown in Fig. 39. The 

effect of this is to keep the end of the wick 

within the region of complete combustion 

(see Chapter i, Experiment 14), with the 

result that, as the length of wick exposed 

grows greater as the candle bums away, the Kg. 39. 

end of the wick is consumed at an exactly 

.equivalent rate. 



Exercise for Stvdent. 
Explain the formation of lumps of soot in the case of the wick 
of a tallow candle. 

Candles are expensive if used for hghting a room, 
since one good gas light or electric light wUl give the 
same Hghting , value as from 16 to 50 candles with an 
expenditure which is very considerably less than the 
cost of such a number of candles-. When to this is 
added the much greater convenience of the other 
systems of illumination, it will be seen that candle- 
light possesses Uttle but sentimental attraction.. 

48. In districts remote from towns possessing gas 
or electric installations, the chief source of light is 
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still the oil lamp. A model-n lamp, provided with 
central draught, with a wick chemically treated to 
prevent charring, and carefully constructed so that the 
danger arising from its careless handling is reduced to 
a minimum, "is inexpensive and at the same time a 
very efficient illuminant. The danger arising from, the 
use of "low. flash" oil, *.e. oil containing cbnstituents 
/ of low boiling-point, which readily evaporate and form 
an explosive mixture with, air, has been somewhat 
modified by the demand for petrol^ naphtha, and ben- 
zoline, which consist of the more volatile products of 
the destructive distillation of crude petroleum. Their 
more complete extraction being now a matter of com- 
mercial importance, it will Tje found that the cheaper 
varieties of paraffin oil on the market are almost as 
safe in use as the more highly priced samples. 

Ex;PERiMENT 31. Pour a few drops of petrol iato 
a porcelain basin. Bring a lighted taper near the 
'surface of the' liquid. The immediate production of a 
flame is evidence of the presence of much inflammable 
vapour. (TheJ' flash point" of a liquid is the tem- 
perature to which it must be raised in order that 
combustion of its vapour may take place when a small 
flame is brought near its surface.) 

Into another dish pour a small quantity of paraffin 
oil. Bring a lighted taper near the surface of the 
liquid. It will be found that it does not ignite, and, 
on passing the flame of the taper into the paraffin, 
the flame may be extinguished. 

' Exercise for Student. 

What inference" would you draw from the behaviour of the 
paraffin, should the above treatment result in its ignition? 



88 Domestic Science 

Place the dish containing the Kquid upon the 
surface of water in a water-bath. Gently warm the 
bath with a small Bunsen flame, and test the inflam- 
mability of the contents of the dish from time to time 
with a lighted ta!per. A point will at length be found 
at which the paraffin begins to bum and will continue 
burning after ignition. 

The above tests may be repeated with small 
quantities of mixtures of petrol and paraffin in the 
proportions of 1 : 10, 1 : 5, and 1 : 3. 

The following experiments show that a substance 
does not bum below a certain temperature — termed 
its "ignition point" — and indicates the reason for using 
wire gauze and perforated metal stampings in the con- 
struction of burners for oil and gas lamps. 

Experiment 32. Place a square of clean wire 
gauze upon a tripod stand over a large plate. Pour 
about 3 CO. of methylated spirit into a small porcelain 
dish and ignite it. Pour the contents of the dish, 
■^hile stiU burning, through the gauze. It will be 
found that the portion of spirit remaining on top of 
the gauze continues to bum, but that the spirit which 
is received by the plate is no longer alight. 

The explanation is that the gauze is a very good 
conductor of heat, and cools the spirit passing through 
it so that the former never reaches a temperat\u"e as 
high as its ignition point, although the upper surface 
of the gauze is in actual contact with the burning 
Equid. 

Experiment 33. Hold a piece of clean wire gauze, 
of which the mesh is not very coarse, over the flame of 
a good Bunsen burner, and depress the gauze slowly 
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until, it rests upon the top of the burner. Note the 
behaviour of the flame. 

Turn out the gas arid place the gauze above the top 
of the burner at a distance of about one inch. Turn 
on the gas and bring a hghted taper near the upper 
surface of the gauze. The gas ignites, but the flame 
remains on top of the gauze and does not pass through 
to the infl.ammable mixture of air and gas which 
exists in the space between the gauze and the top of 
the burner. Depress the gauze till it touches the top 
of the burner and again raise it. The gas beneath is 
not ignited even by this operation. Raise the gauze 
slowly and .note the change in the flame. By raising 
it sufficiently, the flame may be extinguished. 

>■■' - " - 

■ , Exercise for Student. ^ , 

Explain the behamour of the flame in the above experiment. 



An interesting ' application of the conducting pro- 
perties of wire gauze is afforded by the 
miner's lamp. Fig. 40 shows a modern 
form of such a lamp — ^the Marsaut lamp. 
The lower part of ^;he lamp around the 
flame is of glass, while the supply of air 
necessary for the continuous burning of 
the flame is obliged to pass through the 
cyUnder of fine wire gauze which is fixed 
above the burner. A mixture of air and 
marsh gas — ^the combustible gas sometimes 
found ih coal-mines, termed by the miners 
"fire-damp" — may surround sUch a lamp, 
and, although such a mixture is explosive, 
the exterior surface of the gauze envelope rarely 




Fig. 40. 



90 Domestic Science > 

reaches a sufficiently high temperature to i^te the 
•mixture and thus cause an explosion. The marsh gas 
may be seen burning within the lamp, but, unless a 
strong draught or other means causes the flame of the 
bumihg gas to make the gauze red hot, the miner is 
safe from harm. 

49. In most households coal-gas provides the 
illumination required for evening work. The older 
forms of burner were of two main types known as the 
"batswing" and "fishtail" respectively. The batswing 
burner consists of a brass tube with a steatite top, the 
latteB being divided by a transverse sUt, 1tooi:^h 
which the gas issues. The form of the sht determines 
the shape of the flame obtained. The fishtail bumeif 
is of similar construction, differing only in that the 
steatite -is pierced 'with two holes directed towards 
one another instead -of being provided with a slit. 

Experiment 34. Draw out a piece of glass -tubing 
of about Y bore as described in Experiment 46, Part L 
Cut off the drawn-out portion so as to form two jets 
of as nearly as possible the same bore/ Fix these hj 
means of clamps so that they are directed toward one 
another as shown in Fig. 41. Attach the lower ends 
of the tubes to two gas jets on the working bench by 
rubber tubing. Turn on the gas and light it at each 
of the glass jets. By suitably manipulating the 
positions of the tubes, the flames may be made to 
impinge upon one another. It will be found that they 
spread out at the place of meeting into a flat flame 
which is in a plane at right angles to that containing 
the directions of the tubes. By changing the angles > 
and positions of the jets with regard, to each other, try 
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to find the arrangement which gives the best illn- 
imn&,ting flame. Measure the angle between the 
directions of the tubes 
when the most- efficient 
position has been deter- 
mined. 

It may be necessary 
to adjust the gas supply 
to each jet. and to alter 
slightly the size of one or 
other of the jets in order 
to obtain a good repre- 
sentation of an ordinary 
fishtail flame. 

As already shown in 
Chapter i, the source of 
the light in such burners 
as those described is the 
carbon set free during tlie decomposition of the hydro- 
carbons of the coal-gas by heat, and unless the sample 
of Qoal-gas used is comparatively rich in those com- 
pounds which contain a relatively high proportion of 
carbon, the hght afforded is poor when the quantity 
of gas consumed is taken into account. 

ExPERiMBiTT 35. Fit up the apparatus shown in 
Fig. 42. Thelower end of the bent j-piece is connected 
to the gas supply, and the gas turned on. A fight is 
appfied to each of the new fishtail burners attached to 
the 4;ops of the side-tubes, and the flames produced 
exarained with regard to their luminosity. Arrange 
that the two flames shall be as nearly as possible of 
the same size and illtuninatinig power by adjusting the 
supply to each by means of the three-way tap at the 
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Fig. 42. 



junction of the T-piece. Now turn off the gas at the 
main tap, without disturbing the 
arrangement of the three-way tap. 
Remove one of the upper corks 
and insert a wad of cotton-wool 
which fits the large side-tube 
loosely. Drop on the cotton-wool 
a Httle benzene. Replace the 
burner and Hght both flames 
again. It will now be easily seen 
that the burner receiving a sup- 
ply of benzene vapour as weU as 
coal-gas gives a much better hght 
than the other. Benzene is a hy- 
drocarbon containing over 90 per 
cent of carbon. The above ex- 
. periment illustrates the important 
part played. by the presence of such bodies in coal- 
gas in determining its value as an iUuminant. 

A fishtail burner which consumes from four to five 
cubic feet of gas per hour wiU only give a hght of 
about 14 to 16 candle power under ordinary conditions. 
(In this country the standard candle indicated when 
speaking of "candle power" is a sperm candle of 
special construction consuming 120 grains — about 
7-79 grams — of sperm per hour.) Many devices have 
been brought forward to increase the iUuminating 
power of coal-gas, among them being the addition of 
hydrocarbons rich in carbon to the gas before it is 
consumed (compare par. 5, p. 9), but of these by 
far the most successful is the incandescent mantle 
for which we are indebted to the researches of Auer 
von Welsbach and his co-workers. The property of 
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incandescence is not possessed in an equal degree by all 
soKd bodies, and the materials of which the incandescent 
gas-mantle is constructed are especially endowed with 
the capacity for glowing brightly when heated to a 
high temperature. The, substances made use of are 
two rare oxides, the oxides of cerium and thorium. 
To make a suitable incandescent medium, a mantle is 
woven of special cotton fibre and is then dipped into 
a solution of the nitrates of cerium and thoriuih, mixed 
in proper proportions— the most efficacious being a 
mixture which will provide a mantle consisting of 
about 99 per cent thorium oxide and one, per cent 
cerium oxide after the further treatment to be described. 
The cotton is allowed to dry and js then ignited- The 
fabric burns away and the ffimsy network of mixed 
oxides resulting is hardened and shaped in a blowpipe 
flame. The fragile rephca of ^he original is then 
rendered capable^ of transport by dipping it into 
collodion, which is allowed to dry, forming the shiny 
coating seen on new m9.ntles. When the mantle is 
brought into 'use, this coating is first burnt off, the 
mantle having been previously placed in position over 
the burner. 

The type of burner used hi conjunction with the 
Welsbach mantle is a Bunsen, provided with a cpver 
of gauzfe to spread the flame and to aUow^of a large 
supply of air being made use of with less danger of 
the flame striking back. The b^st results are only 
obtainable when a suitable burner is used, in' which 
provision, is made for the regulation of the air supply 
as well as that of the gas. A good light may be procured 
if attention be paid to securing a. flame of such dimen- 
sions- that it just, fills the interior of the mantle,, the 
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material of which is then in coatact with the region 
of complete combustion, and is thereby rendered 
uniformly incandescent. Cautious adjustment of both 
gas and air supplies is necessary if the brightest light 
obtaiuable is desired with a given burner and mantle. 
Usually the full pressure of gas is not required and 
a better effect is gained by tviming off a portion of 
the gas. 

Experiment 36. Test the above statements by 
finding the conditions under which any Welsbach 
burner available gives its brightest light. Try the 
effect of (a) using the full supplies of air and gas; 

(b) leaving the gas full on, and reducing the air supply 
by partially closing the holes at the base of the biimer ; 

(c) using the air holes opened to their widest extent 
and turning the gas off gradually. 

It should be noted that a distinct advantage 
possessed by the Welsbach system over that involving 
the use of fishtail or batswing burners is that it permits 
the use of a gas containing but a small proportion of 
hydrocarbons rich in carbon, the brightness of the 
flame being in no way dependent upon the presence of 
these bodies. In fact, their presence is rather to be 
deprecated than encouraged. 

Many attempts have been made to adapt the 
incandescent mantle for use with oil lamps, but partial 
success only has been achieved at present, aU the 
lamps now on sale requiring greater care and attention 
than the average householder or his employees are 
usually prepared to give to them. 

50. To obtain a rough comparison between the 
lighting values of a fishtail burner and an incandescent 
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burner, it will be of service to describe briefly the method 
of measuring the quantity of gas suppUed. A gas 
meter is a mechanic^,! contrivance designed to this 
end. By means of an ingenious system of levers, the , 
gas, in its passage through the bellows of the meter 
to the house supply, is made to register the volume 
passing upon a number of small dials Situated upon 
the front of the apparatus, A view of the dials of a 
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typical "dry" gas-meter is shown in Fig. 43. The 
gas Jcompany makes a charge^ for each thousand feet 
of gais corisumed, as shown by the reading of thg meter, 
the amount oif the biU being calculated to the nearest 
hundred cubic feet. The right-hand dial indicates the 
figure in the hundreds' place, the middle one that in 
the thousands', while that on the left registers tens of 
thousands. Thus the reading of the dials as figured 
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is 58,400 cubic feet. It will be noted that this reading 
is obtained by observing the figure last passed by the 
end of each pointer in its course round the dial. 
Periodical inspection of the meter by the officials of 
the company enables the amount to be charged to 
be correctly estimated for any given period, assuming 
the meter to be in good working order. 

For our purposes, however, the small dial placed 
above the others is of more especial interest. This 
usually registers two cubic feet per revolution. That 
is to say, every time the hand passes once roimd the 
dial, two cubic feet of, gas pass through the meter. 

Experiment 37. Arrange that no other gas shall 
be burnt during the experiment than that used by the 
burner tested. Set, up a fishtail burner and adjust 
the supply of gas so that the flame produced is the 
brightest possible. Note the time at which the hand 
of the smaU dial on the meter is exactly vertical, and 
aUow the burner to continue burning imtil the hand 
reaches the mark indicating one cubic foot. The 
interval of time that has elapsed represents the time 
required for one cubic foot of gas to be consumed by 
the special burner used. A simple calculation wiU 
show how many cubic feet must be suppUed to such 
a bmner p^r hour. 

Replace the fishtail by an incandescent burner 
provided with a mantle. Adjust the gas and air 
supplies till the brightest flame is obtained as before. 
Note the time taken for one cubic foot to be consumed 
and find how many cubic feet are used per hour. 

The results obtained in the above experiment wiU 
generally show that the Welsbach light consumes no 
more — and usually less — gas than the fishtail, while 
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giving a much morfe brilliant illumination. Measure- 
ment of the intensity of the light afforded by these 
xtwo sources by suitable means will show that the 

incandescent light is about four 

times as economical as the ordinary 
flame, equal illiiminations being com- 
pared in the two cases. ' 

51. The Argand burner, illus- 
trated in Fig. 44, is also much more 
efficient than the flat flame burner. 
In "this type, a higher temperature, 
and, hence brighter incandescence, is 
produced by the regulation of the 
air-currents around the flame by the 
chimney. The gas escapes through 
a series of small holes situated around 
the ring of steatite at the top of the 
burner, and the air-current which is^ 
set up by convection passes upward 
from the base of the burner and is 
evenly distributed around and within 
the flame by the perforations in the 
metal base of the chimney-holder. 

Experiment 38. Ligl^t an Argand burner with 
the chimney off. Note the nature of the flame, 
more especially' with regafd to its steadiness, freedom 
from smoke, and luminosity. Place the chimney in 
position, and again examine the flame, paying attention 
to the same points as before. 

The value of the chimney is well demonstrated by 
the comparison of the observations made in the above 
experiment. A siipilar test performed with an oil 
lamp wiU afford similar results. 




Tig. 44. 



H. n. s. II. 
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52. A valuable modem application" of the Welsbach 
principle to the lighting of smaU communities or coTintry 
houses is to be found in the petrol-air gas system. 
In this, a mixture of petrol vapour and air of varying 
proportions, ranging from one and a half to six per cent 
of vapour in different systems, is the heating agent 
which is burnt in burners of almost similar construc- 
tion to those used for incandescent coal-gas, and raises 
to incandescence a mantle resembling the Welsbach 
mantle. The plant may be very small, producing only 
sufficient of the combustible mixture to supply a few 
.burners, or it may bfe large chough to illuminate a 
factory or small town. The cost of the light is most 
reasonable, and the danger attending its use is not 
greater, with average care, than is the case with 
ordinary coal-gas installations. 

53. Acetylene, one of the constituents of coal-gas 
from which much of the briUiancy of the light of the 
latter is derived, is occasionally used as an illuminant. 
The hght afforded is very bright and is said to be 
especially healthful since, in the nature of the rays 
emitted, it resembles dayhght more nearly than any 
other artificial source of Hght. The gas is made from 
calcium carbide — a compound of calcium,, the metal 
present in lime and chalk, with carbon— by acting 
upon the carbide with water. The reaction which 
takes place may be represented by the equation: 



Calcium carbide'^ 

+ 
hydrogen oxide ) 



calcium hydroxide 

+ 
acetylene. 



Experiment 39. Half fiU a small trough with 
water. Drop a small piece of calcium carbide into the 
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water. A rapid evolution of gas is at once produced, 
and it may be readily recognised by its peculiar smell. 
To show, its great luminosity, a small inverted funnel 
may be placed over the lump of carbide, so that the 
top of the funnel projects just above the surface of 
the water. The gas may then be lit as it issues from 
the end'of the funnel. A bright but Very shioky flame 
results. (The smokiness is" prevented, when the gas is 
made use of as an iUuminant, by the use of burners of 
the fishtail type, specially constructed for the purpose.) 

A serious drawback to the genferal use of acetylene 
for purposes of household hghting is the large quantity 
of slaked Hme, saturated with the unpleasant smeU of 
the gas, which has to be removed from the lamps, or 
other form of apparatus, at frequent intervals. 

64. The great development of electrical industries 
in recent years' has resulted in the production of many 
efficient types of electric light. Of these, the incan- 
descent carbon filament lamp was the first to receive 
much attention as a household illuminant. Its prime 
cost was comparatively low, but the price of electricity 
was sufficiently Mgh in comparison with that of coal-gas 
to prevent its general adoption. The invention of the 
inetallie filament lamp gave an impetus to the use 
of electricity, since, although the. prices charged for 
the lamps were considerably greater tiian those of 
carbon lamps, the quantity of electricity consumed 
for a given amount of illumination was much decreased 
by their use. The metals commonly used in making 
the filaments, Hke those of which the oxides form the 
material of the Welsbach mantle, are all comparatively 
rare and include, among others, tungsten, titanium, 
tantalum and osmium. 

7—2- 
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The incandescent filament of an electric lamp 
provides an example of a light-giving substance which 
is not burning. The carbon or other material, of which 
the filament is composed wiU bum quite readily if 
raised' to a high temperature in air. It is prevented 
from doing so in the lamp by first exhausting the 
interior of the latter almost entirely by means of a 
powerful pump. The passage of the electric current 
through thin wires produces heat, the quantity produced 
being greater the thinner the wire. By careful adjust- 
ment of the length and thickness of the wire in the 
lamp, it is possible to produce a fight of suitable 
intensity when used with a given supply of electricity. 
Each supply is said to be at a pressure of so many 
volts . Lamps constructed for use witk a low pressure — 
say 50 volts — cannot be used with higher voltages, 
since the temperature to which the filament is raised 
when the lamp is thus used is sufficient to destroy it 
in a very short time. Conversely, lamps suitable for 
use at high voltages are of no serA^ice at lower pressures, 
the temperature attained being too low to produce light 
of sufficient brightness. Hence it is of importance to 
the consumer to obtain lamps suited to the voltage as 
suppHed to his house. 

That the materials of wtich filaments are con- 
structed are combustible is readily observed whenever a 
lamp is broken while ahght. The filament is usually 
found to be almost entirely consumed when this occurs. 

A type of filament lamp has been recently placed 
on the market, in which the globe contains nitrogen 
instead of being rendered vacuous, and this lamp gives 
a light of great briUiancy. At present the lamps made 
are chiefly suitable for public lighting on account of their 
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high candle power, but the adaptation of this form of 
lighting to household use is in progress. The quantity 
of electricity consumed for a given iUuminatioii is much 
lower than with the other systems previously mentioned. 

Of different type are the arc lamps frequently uged 
for, street hghting and for large rooms. In these the 
current is conveyed to two rods of gas-carbon — ^the 
hard deposit which forms on the interior of the retorts 
during the process of coal-gas manufacture — and the 
interruption of the contact of these two rods by a 
small air-gap" results in the production of a light of 
great briUiancy. 

55. The quantity of electrical energy suppHed for 
the purposes of lighting or heating is measured by means 
of a meter, as in the case of • coal-gas. The unit of 
measurement is known asthe^ "B. T. U." or Board of 
Trade Unit. Electricity is sold at prices which vary 
from less than a penny a unit, when the supply is used 
for heating purposes, to 8d!. pfer unit for lighting, the 
latter amount being the maximum price 'per unit 
permitted by law. The average price for lighting 
ptirposes may be taken as Ad. per imit. A typical 
meter is shovra in Fig. 45. The numbers which appear 
in the small round spaces are to be read from left to 
right and give the total number of units that has 
been recorded by the meter up to the time of reading. 
Thus the readirig of the metfer as illustrated is 2482 uiiits. 
^Periodical inspection of the meter provides the company 
supplying the electricity with the information neefied 
to assess the charge- to be made on the consumer. 
Some meters are provided with a small dial resembling 
the upper dial on the gas-meter. This is of service 
when testing the efficiency of an electric heating 
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apparatus or lamp. One revolution of the hand 
round the dial indicates that one unit has been used, 
and each of the divisions represents one-tenth unit. 
Thus, if we wish to test the claim of the makers that 
a certain 50 candle power electric lamp consumes only 
one-twentieth unit per hour, all that is necessary is ' 
to see that aU other Ughts are switched off, and then 
to bum the given lamp alone for a known time, say. 




Mg. 45. 

five hours, and to note the change in the register of 
the small dial. 

56. There are several other kinds of electric lamp 
on the market, but a description of them is beyond 
the scope of our book. It naay be weU, however, 
before concluding this - chapter, to state briefly the 
present condition of the argument with respect to 
the comparative hygienic values of gas and electric 
light. When the latter form of indoor l^hting was 
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first introduced, one of the .chief claims made on its 
behalf was that the use of the enclosed filament lamp 
would tend to improve the respirability of the air in 
rooms lit by this lamp. The basis of this argument 
is, that, since no combustion occurs in the filament 
lamp, there are no noxious products of combustion 
evolved whereby the air may be polluted. The 
- advocates of gas-Mghting point out that this is a 
doubtful advantage, for the heating effect produced 
by an electric lamp is much less than that of an incan- 
descent, gas-burner, and consequently the convection 
currents set up by the electric lamp are of lesser account 
than those due to gas-Hghts. Thus one of the points — 
air-movement^ — specially desirable, according to modem 
views of ventilation, is not dealt with in as satisfactory 
a fashion where electricity provides the Hght as when 
incandescent gas is the illumiaant. Moreover, the- 
strong upruish of~air through the chimney of the 
incandescent burner carries with it^ a considerable 
quantity of dust particles and o'rg|imc matters which 
are burnt during their passage, and thus the latter 
are rendered innocuous. The dark patch upon the 
ceiling immediately over a Welsbaeh burner is caused by 
the continual bombardment of the plaster by a stream 
of charred particle^ of this, nature, and is not evidence 
,that the flame produces smoke. No considerable 
destruction of organic matter occurs where electric 
light is used.i This steriUsing effect is an undoubted ^ 
advantage and the current of heated air, reaching the 
ceihng at a temperature considerably higher than that 
arising from an electric . lamp, diffuses through the 
porous inaterial of the ceiUng more rapidly, hence 
producing a greater-inrush of air at some other part 
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of the room. Comparative tests, carried out with 
great thoroughness, have been made of the relative 
virtues of the two sources of light, and the general 
conclusion derived from the results of these has been 
that the choice between the two methods of lighting is 
a matter which may well be considered quite apart 
from hygienic* grounds, i.e. the consumer" can suit his 
convenience and pocket without serious detriment to 
his health. 



QUESTIONS 

1. How do you explain the production of light in the case of 
each of the following appliances : (a) a' paraffin lamp; (6) a fishtail 
gas-burner; (c) an incandescent burner ? 

2. " Suggest a rough method of discovering whether it would be 
more economical to Ught a room with oil lamps burning para£5n at 
id. a gallon, or with Welsbach lights supplied with coal-gas at 
2s. Gd. per 1000 cubic feet. 

3. Compare the relati,ve merits of gas and electric lighting, 
paying special attention to the following points: (a) convenience; 
(6) cleanliness; (c) cost; (d) healthfulness. 

4. What experiments would you perform to determine which 
of two samples of paraffin oil possessed the higher flash-point? 

5. What is meant by the' ignition point of a vapour ? Why 
is wire gauze used ia the construction of some burners? 

6. Describe the principle of construction of the fishtail gas- 
burner. 

7. Of what is an incandescent gas mantle made? What is 
the special function of the mantle? 

8. On March 28th the reading of a gas-meter gave the figures 
4, 7, 3. On July 1st the same meter showed 5, 0, 2, as the figures 
on the three main dials from left to right. Calculate the amount 
of the bill, supposing the price of gas to be 2s. 8d. per 1000 cubic 
feet. 
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9. Discuss the value of acetylene as an illuminant. "How is 
this gas produced? 

10. Which system of lighting a room would be the cheaper: 
(a) to, use two 60 candle power incandescent gas-burners, each 
consuming 4 cubic feet of gas per hour, with gas at 3s. 4«i. per 
1000 cubic feet, or (6) to use three metallic filament lamps, each of 
32 candle power and consuming -^ unit per hour, at 3d. per unit? 

t - 



CHAPTER V 

WATER IN THE HOUSEHOLD 

57. The phy&ical and chemical properties of water 
have already received attention in Part I of this work, 
and our business in this chapter is largely the application 
and extension of the- information previously afforded 
to the question of the suitability or otherwise of a given 
water for domestic purposes,' i,e. whether it is fit for 
xiriiiking and for use as a cleansing agent. 

In Experiment 119, Part I, it was shown that 
ordinary tap-water contains dissolved solid matter, 
and is hence not pure water. All naturally occurring 
samples of water are contaminated in this way, since 
water is the most general solvent known, and there 
are few substances which will not dissolve in it to some 
extent.' "Even rain-water, the purest natural water, 
contains dissolved gases derived from the atmosphere, 
together with small quantities; of solid matter obtained 
from the dust with which it has come in contact during 
its faU. Many of the substances present in natural 
waters are of importance on account of their effect 
upon the utiUty of the water for domestic purposes. 
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The solid matters dissolved in natural waters may 
be divided into groups, according to their origin. Thus 
the bicarbonates and sulphates of iialcium and mag- 
nesium, their chlorides and that of sodium, are of 
mineral origin, being derived from the various bodies 
with which the water has been brought in contact 
during its passage through or over the soil. On the 
other hand, the ammonium, compounds, the nitrites, 
the nitrates, and phosphates occasionally contained in 
samples of natural water, are of organic origin. They 
are present as a result of the contamination of tha 
water by products arising from the decay of animal 
or vegetable matter in the soil through which the Water 
has percolated. In addition to the above-mentioned 
substances, there are others which may be found on 
occasion in water supphed for household consum^ption, 
these latter having been introduced by artificial means, 
e.g. lead from water-pipes is shghtly soluble in certain 
kinds of water. Of the substances mentioned, all 
affect the desirabOity of the water for drinking purposes, 
with the exception of the salts of calcium and mag- 
nesium which head the Hst. The main effect of these 
latter salts is to cause the water to be less suitable 
as a cleansing agent. 

58. Water containing salts of calcium and mag- 
nesium in any quantity is said to be "hard". The 
sulphates of these metals are directly dissolved from 
the earth by water, even when the solvent is quite 
pure. The solubility of calcium sulphate is practically 
unaffected by boiling the water, the salt being almost 
equally soluble in cold and hot water. Magnesium 
sulphate follows the ordinary law in this respect, being 
more readily soluble in hot than in cold water. (See 
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Part I, par. 187.) When water containing these dis- 
solved salts is boiled, the salts remain in solution, unless 
the greater portion of the water is boiled away. The 
hardness due to the sulphates is in consequence not 
afEected by boihng, and water Tj7hich contains them in 
any quantity^ is termed "permanently" hard. 

The case^ of the bioarbonates of calcium and mag- 
nesium is of somewhat different character. These 
substances do not occur in Nature in the soUd state, 
but are produced by the solvent^ action of -water, 
a,lready containing dissolved carbonic acid, upon the 
naturally occurring carbonates. Chalk, hmestone, and 
marble are forms of calcium carbonate, whiledolomite 
is a' mixed carbonate of both calcium and magnesium. 
The bioarbonates are unstable bodies, being readily 
decomposed by heat. 

Experiment 40. Pass a steady stream of carbon 
dioxide from a Kipp's g,enerator (see Chapter i. 
Experiment 6) through some distilled water for several, 
minutes. In this way a weak solution of carbonic 
acid— -hydrogen carbonate^ — -njay be obtained. In 
Nature a similar formation of the acid occurs. Rain 
corresponds to our distilled water. While falling 
through the air it' dissolves a small amount of carbon 
dioxide, and- the solution thus produced is rendered 
stronger during the passage of the water through the 
soil, where it comes in contact with the ground air 
(see V Chapter n) which is especiaHy tich in carbon 
dioxide, derived frpm the processes of decay which 
are continually taking place in the soil. 

Through a quantity of hme-water, equal in bulk' 
to the distilled water previously used, pass a stream 
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of carbon dioxide until considerable turbidity has been 
caused, due to the formation of' insoluble calcium 
carbonate by the combination of the lime in the Mme- 
water with the carbon dioxide. This calciimi carbonate 
may thus represent chalk or Hmestone. The rain-water, 
after percolating through the soil, frequently reaches 
a layer of chalk or limestone, and we may reproduce 
the reaction which occurs by mixing the two liquids 
we have already prepared. On doing this, the turbidity 
of the second hquid disappears,; i.e. the calcium car- 
bonate dissolves in the solution of carbonic acid. A 
similar phenomenon occurs in Nature, and, after the 
water has soaked through chalk or other form of 
naturally occurring calcium carbonate, it contains a 
certain amount of the bicarbonate of calcium in 
solution. 

We may represent the reactions which we have 
just studied by, the following equations : 

Hydrogen oxide "i 

+ L = hydrogen caxbonate. 



carbon dioxide ) 

Hydrogen carbonate 

+ 
calcium carbonate 



= calcium bicarbonate. 



The liquid we have prepared corresponds to water 
which has passed through a stratum of chaJk. In 
Nature, such water issues at a later period as a spring, 
and the water maythen either be used directly, or 
may be treated before use. We may now show how 
such spring water behaves when boiled. Boil the 
liquid already prepared and watch its behaviour while 
being heated. At an early stage of the heating, small 
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bubbles will arise in considerable numbers. These 
are bubbles of carbon dioxifie, produced by the de- 

. composition of the carbonic acid present in excess m 
the water. (Similar streams of small bubbles may. be 
observed "while many samples of ordinary -tap-water 
are being heated, and the noise produced in a kettle 
in which water is being heated, cominonly termed 
"singing ", is caused by the setting free of such bubbles 
in large numbers from the water.) Later, the appear- 
ance of steam is heralded by the formation of much 
larger bubbles, and the water soon becomes turbid. 
Continue the boihng for a few minutes, and then allow 
the liquid to stand. A white deposit wiU then be 
.remarked at the bottom of the vessel, and its interior 
will be covered with a thin coating of Ay^hitish sub- 
stance. Carefully pour off a sample of the hquid, so 
as not to disturb the precipitate,' into another clean 

, glass vessel.- It wiU be seen that the water is quite 
clear, and further boiling will fail to produce any appre- 
ciable turbidity. Pour off the remaining hquid from 
the vessel in which the original water was boiled, and 
try to remove the deposit from the interior of the 
vessel by repeated rinsing with distilled water. It 
wiU be found that such treatment has practically no 
effect. : Now drop two or three drops of dilute hydro- 
chloric acid into the vessel. The immediate solution 
of- the deposit results, and, if carefully watched, the 
production of many small babbles . will show that the 

substance resembles chalk in its behaviour towards acids. 

* 

, The changes taking place when water of this 
character is heated are the reverse of those already" 
given and represented in the equations, p. 108. 
Hydrogen carbonate is destroyed by heat, and calcium 
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bicarbonate suffers a similar decomposition. The 
equations for these reactions may be written-: . 

(hydrogen oxide 
+ 
carbon dioxide, 
(■calcium carbonate 
Calcium bicarbonate = \ + 

Vhydrogen oxide + carbon dioxide. 

From the above experiment, it may readily be seen 
that the boiling of waters contaiimg calcium bicarbonate 
in solution results in the decomposition of the bfcar- 
bonate and the deposition of the insoluble carbonate 
thus produced. The hardness due to such dissolved 
bicarbonate is in consequence destroyed by boiling. 
Hence hardness of this character has received the name 
of "temporary" hardness. 

The boiling of aU waters containing dissolved 
bicarbonate of calcium gives precisely similar results 
to that obtained with our artificially produced sample. 
The deposit is not so pronounced (see Experiment 121, 
Part I), but the repeated boiling of successive quantities 
of such water in a kettle or boiler causes the formation 
of overlying layers of deposit, which in time attain to . 
a sensible thickness, and are known as "fur". This 
substance consists essentially of calcium carbonate, its 
pale brown colour being the result of the presence 
of traces of iron. 

Observations of similar character may be obtained 
if magnesium carbonate be dissolved in carbonic acid, 
and the solution be then boiled. The deposit then 
formed is, of course, magnesium carbonate. 

The deposition of fur is of importance in household 
affairs, since it is an extremely bad conductor of heat. 



Water in the Household 111 

A well-furred kettle requires longer heating before the 
water it contains is brought to the boihng point than 
does a clean kettle. Waste of fuel is thereby caused. 
Further, the collection of a thick deposit of-fur — then 
known as "boiler scale"— upon the interior of a boiler 
may give rise to serious trouble. Sudden contraction 
of the scale by the introduction of cold water may 
ifeSult ra a cracking of the sca^le. Water may thus be 
suddenly brought into contact with the overheated 
metal of the boiler, and may be caused to boil with 
explosive violence. Where no scale exists, the material 
of the boiler cannot be overheated as long as water is 
contained within the boiler. 

' 59. Simple tests by which the presence of some 
of the commoner impurities Mkely to occur in natural 
waters may be detected should next be performed. 
Samples of tap and distilled water, should be tested 
side by side in each case. 

To .show that calcium is present in' a given sample 
of water, the following test may be perfdrmed-: 

ExPEiEtiMENT-41. Add to a small quantity of the 
water a few drops of ammonia solution. This should 
be added in just suifficient quantity to rSnder the 
water alkaline to Htmus. Next add about 1 c.c. of 
ammonium oxalate solution. Shake well. The pro- 
ductioli of a^ precipitate or of turbidity, due to the 
formation of insoluble calcium oxalate, may be 'taken 
a,s evidence of the presence of calcium in the water 
tested.; 

. _ ExPEEiMEjSTT 42., To test for the presence of 
sulphates, add a few drops, of hydrochloric acid to 
a little of the. water, and. then add 1 c.c. of barium 
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chloride solution. A precipitate — ^barium sulphate — 
indicates that sulphates are contained in solution in 
the water. 

ExPEEiMBNT 43. The presence of bicarbonates is 
most readily demonstrated by boihng the sample of 
water, as already indicated.. A further test may give 
a definite result; if the quantity of bicarbonate present 
is of fair amount. Add to a sample of the water an 
equal bulk of saturated lime-water. The production 
of turbidity after the mixture has stood for a few 
minutes may, be considered evidence of the presence 
of bicarbonates. 

The equations involved in the above tests are : 

Calcium sulphate \ [calcium oxalate 

+ . I =. + 



ammonium oxalate J I ammonium sulphate. 
Calcium sulphate \ [barium sulphate 



barium chloride J I calcium chloride. 



Calcium bioarbopate 

' + 



calcium carbonate 

+ 



calcium hydroxide ) I hydrogen oxide. 

Exercise for Student. 

Obtain some fui from a kettle, and endeavour to sh6w that it 
contains calcium and a carbonate. 

60. The question of the water supply of a household 
being hard or soft is of primary importance from the 
point of view of economy. Hard water is the cause 
of much wastage of soap, and we will next examine 
the nature of its reaction with that material. 
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Experiment 44. Make a solution of soap as 
follows: Cut some Castile soap into thin shavings /and 
weight out 10 g. of the shavings. To 400 c.o. of 
absolute alcohol add 600 c.c. of distilled water, dnd 
completely dissolve the soap shavings in this mixture. 
Fill a clean burette to the zero mark with the soap 
solution. Glean two flasks — or, better, smaU bottles 
provided with glass stoppers — and into one measure 
out with a pipette 50 c.c. of freshly distilled water 
and into the other an equal quantity of tap-water, 
or any other water requiring examination. Place' the 
bottle containing the distilled water beneath the tap 
of the burette, and aUow 1 c.c. of the soap solution to 
rmi into the bottle. Securely stopper the bottle and 
shake it vigorously for about 20 seconds. This wiU 
probably result in the fomaatidn of a, lather which 
persists after the bottle has been "allowed to remain 
undisturbed for two minutes. If this is not the case, 
add another cubic centimetre of the soap solution, 
and repeat the shaking and standing. The amount of 
soap solution needed to obtain a so-called "permanent" 
lather will be found toibe small. 

Repeat the above operations, adding 1 c.c. of soap 
solution at a time,, with 50 c.c. of the sample of water 
to be tested, using as nearly as can be judged the 
same amount of vigour in shaking. Usually the volume 
of solution which must be added before a permanent 
lather is produced is very considerably greater than 
that required for the distilled water. When the lather 
remains .unbroken Jor two minutes, note the volume 
of solution used. By subtracting the volume required 
by the distilled water, the difference, which represents 
wasted soap, may be found. Check the result by 

H. D. S. II. 8 
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performing a second titration. (A titration means 
a finding of strength, or quality, from T^v. Ulre, a 
standard.) 

To discover whether the hardness of the water is 
temporary or permanent, or is partly of each kuid, 
boil 50 c,c. of the water, allowing it to remain boiling 
for at least five minutes. Cdoi to the room temperature, 
and make up the volume of the remaining liquid to 
50 c.c. by the addition of distUled water. Find the 
volume of soap solution necessary to produce a per- 
manent lather by the method described above, and 
check the result obtained by similarly treating another 
sample. Should less soap solution be now required, 
part, at least, of the hardness is temporary, and the 
relative proportion of the hardness which is to be 
reckoned as of each kind may be roughly estimated 
from the readings obtained. Thus, suppose "that 1 c.c. 
of solution was needed in the case of distUled water, 
and that the unboiled and boiled water required 
respectively 18 and 7 c.c. The total hardness will be 
represented, according to our standard, as (18 — 1) = 17. 
Of this (7 — 1) = 6 parts represent the permanent hard- 
ness, and hence the temporary hardness is (17 — 6) = 11. 

To obtain strictly comparative results, more careful 
working than is outMned above is necessary, but the 
method employed is practically that described. The 
standard soap solution made use of in determinations 
of hardness is of such a strength that each c.c. used 
represents 1 mg. of dissolved calcium carbonate, and 
it is usual to express the results as degrees of hardness, 
one degree being equivalent to one part of calcium 
carbonate to 100,000 parts of water by weight. Thus, 
if the water examined is reported as possessing 15 degrees 
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of hardness, 15 mg. of chalk, or its equivalent of 
other hardening salts, are presumed to be dissolved 
in 100,000 mg., or, what is practically the same, 
100 CO., of the water. 

Examine the bottles in which the tests of the hard- 
ness of distilled and other water were made. In that 
contaming the distilled water, the liquid will be found 
i;o be nearly clear, while the hard water bottle contains 
a Tery turbid liquid. The bluish white colour of the 
latter liquid is due to the presence of precipitated 
soap. Soap is a chemical compound,- of which the chief 
constituent is — ^in Jbhe case of ordinary hard soaps — 
sodium stearate. The reaction between the soap and 
the calcium sulphate may be represented thus : 



Sodium stearate \ [sodium sulphate 
calcium sulphate j ^ calcium stearate. 



The precipitate consists of calcium stearate, which, 
being insoluble, is of ho service for cleansing purposes. 
The sodium- sulphate has no appreciable effect upon 
soap, and is not otherwise harmful when present in 
small quantities in washing water. 

Exercise for Student. 

Write out the equations representing the reactions between soap 
and calcium bicarbonate, and bicarbonate and -sulphate of mag- 



61. In the experiment just described^ the hard 
water, after enough soap solution has been added to 
produce a permanent lather, is said to be softened. 
The softening agent is soap, and if soap were cheap 
this method would be quite satisfactory for domestic 

8—2 
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cleansing purposes. It has been shown, however, that 
one degree of hardness corresponds to about ten grains 
of soap rendered insoluble, and therefore useless, for 
each gallon of water used. Hence to soften 100 gallons 
of water of 20 degrees of hardness would involve the 
wastage of about 2 lb. 14 oz. of soap. In practice, 
therefore, large quantities of water are generally 
softened by the use of other agents. The one in most 
common domestic use is washing-soda, or sodium 
carbonate. This will remove both temporary and 
permanent hardness. The calcium or magnesium salts 
are in this case precipitated as carbonates, e.g. 

Calciuiu sulphate 1 [sodium sulphate 

sodium carbonate J ^ calcium carbonate. 

Weight for weight, washing-soda possesses greater 
softening ]^ower than soap and, its cost being much less, 
its use is economical. 

Experiment 45. Dissolve 3 g. of washing-soda in 
100 c.c. of distilled water. Add 1 c.c. of this solution 
to 50 c.c. of ordinary tap^water. Similarly treat 50 c.c. 
of distilled water. Shake each mixture well and allow 
them to stand for a few minutes. Compare the 
clearness of the two Mquids obtained. If the tap-water 
is hard, it wiU be distinctly more turbid than 4;he 
distilled Water. 

To remove temporary hardness, a still cheaper and 
more efficient substance, Hme, may be used. We have 
seen in Experiment 43 that the effect of adding lime- 
water to water containing bicarbonates in solution re- 
sults in the formation of a precipitate of the carbonates. 
This reaction is appKed in practice, in the Porter-Glark 
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method of softening, by determining the amount of 
temporary hardness of the water, and then adding 
Mme, mixed to a thin cream with water ("milk of 
lime") in approximately the calculated amount neces- 
sary for precipitation of the bicarbonates present. The 
water is allowed to remain in large settling tanks 
Vmtil the finely divided. chalk has subsided, and is then 
run off for use; 

Mere exposure to air in open vessels will slowly 
lessen tM temporary hardness of, water, owing to 
the gradual decomposition of the calcium bicarbonate 
and the escape of the resulting carbon dioxide. The 
action is extremely slow, however, and is of Httle 
service in practice. 

To remove hardness of ~ either kind entirely the 
water shpuld be submitted to distillation. (See Part I, 
Chapter xvi.) This^ is the most expensive method, 
and is only made use of when the water contains other 
deleterious constituents which require removal. 

62. Natural waters frequeiitly contain finely divided 
matter in suspension. The removal of this may be 
effected by (a) allowing the water to remain undisturbed 
: for a long period, when the floating material gradually 
subsides ; (6) making use of a filtering medium, such 
as fine sand Or porous earthenware; or (c) by a com- 
bination of both method^.- The process of filtering is 
carried out on the large scale in the case of the water 
needed for the supply of large towns by letting, it pass 
slowly through large filtering-beds, consisting of layers 
of gravel and sand of varying degrees of fineness, and 
then pumping it off to be suppMed for household use. 
The process of filtration is also of assistance in removing 
the bacteria present in all waters. (See Chapter xn.) 
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For household purposes, the best filtering medium 
is provided by "such a material as that used in the porous 
cylinders of the Berkefeld filter shown in Fig. 46. 
These are made from a special material with pores 
of suitable fineness, and, when used with a waters 
supply of average pressure wiU supply about lialf-a- 
gallon of- filtered water per minute. In the figure 




Fig. 46. 

8 represents the service pipe, T the tube from which 
the filtered water is dehvered, and U a tap which 
may be used for flushing purposes. By loosening the 
flanged, nuts shown at the top of the filter, the porous 
cylinder may be detached for sterihsation by heat. 
This is best effected by immersion for some minutes in 
'boiling water, followed by thorough scrubbing.. The 
film which forms on the outside of the cylinder and 
contains the bacteria removed from the watel: is thus 
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removed. Where water of doubtful character is passed 
through the filter, it should be sterilised weekly or, in 
the case of very bad water, every three or four days. 

In the older forms of filter, porous porcelain or 
earthenware, sand, charcoal and other porous media 
were utilised. These materials were in general efficient 
as agents for the removal of suspended matter, but the 
comparatively large size of their pores rendered them, 
almost useless for preventing the passage of bacteria. 
Unless very frequently cleansed, they merely became 
breeding -grounds for micro-organisms and hence their 
use increased instead of lessening any dangers arising 
from the use of the water passed through them. 

The following experiment will give some idea of 
the power of charcoal as a filtering medium, although 
it is not certain that the action of this substance is 
entirely mechanical. It is thought that the peculiar 
power possessed by the charcoal of condensing gases 
within its pores may affect its action, since it is possible 
that oxygen or other gas thus condensed forms colourless 
compounds with the colouring matter in the liquids 
used. - ^ 

Experiment 46, Powder some wood charcoal — 
preferably freshly prepared^n a mortar, and place it 
in a cone of filter paper supported by a glass funnel. 
Make a solution of litmus sufficiently strong to appear 
of a clear purplish -blue colour. Pour some of this 
solution through the prepared filter ajid compare the 
depth of colour of the filtrate with "that of the original' 
solution. , It will be found to be of somewhat lighter 
hue. To increase the effect, heat some of the Htmus 
solution till it is nearly boiling, and, while still hot. 
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pour it through the filter. The colour may be entirely 
removed by a few repetitions of this process. 

If animal charcoal — the charred residue derived from 
the destructive distillation of bones — ^be substituted for 
the wood charcoal, the result will be to hasten the de- 
colorising action. That the loss of colour is due to the 
charcoal and not to the action of the filter paper may 
be readily demonstrated by attempting the experiment 
with filter paper alone as the filtering medium. 

63. The examination of a sample of water for the 
presence of the other bodies mentioned as liable to be 
contained in it, is practically a matter of determining 
the suitability of the water for drinking. It is not 
feasible to carry out thoroughly such an examination 
without considerable a"lialytical skiU, but some pre- 
Uminary evidence may be gathered by the performance 
of the various tests suggested below. 

A potable water should be colourless, tasteless, and 
odourless. 

ExPEEiMENT 47. FiU a tall gas-jar with water. 
Stand it on a clean white tile, and examine the water 
by looking at it from above. It should be perfectly 
transparent, and the slightest yellowish tinge renders 
it suspect. To get rid of trouble due to crossing of 
fights, the tube should be placed facing a good fight 
and the back of the tube may be covered, except for 
a small space near the bottom, by a sheet of white 
paper. A similar jar containing an equal quantity of 
distlUed water inay be placed side by side with the 
test jar for purposes of comparison. 

Experiment 48. To determine whether the water 
is free from odour, half fiU a small clean flask witS it. 
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cork the flask lightly with a clean cork, and warm it 
with its contents in a water-bath to about body 
temperature. Fix the cork in securely and shake well. 
Remove the stopper and smell the contents of the 
flask. Good water should possess no recognisable 
smell. . 

Tasting the water is a somewhat risky matter, if 
there be any grounds -whatever for suspecting con- 
tamination. Freedom from colour, taste, and smell 
provides only negative evidence of the suitability of 
the water for drinking, since a sample may give no 
positive reaction when tested as above, and yet be 
most harmful as a beverage. 

The proportion of solid matter in solution in a good 
water should not exceed about 35 grains per gallon or 
50 mg. per 100 o.c. A rough estimate of the amount 
of dissolved solids in tap-water was described in 
Experiment 120,. Part I. If a delicate balance be 
available, the experiment 'may Ibe repeated, using in 
all 100 c.c. of the water to be tested. A higher, result 
than that mentioned would cause the water to be 
looked upon with suspicion until further tests .had 
shown that the high content of dissolved soHds was 
, capable of satisfactory explanatidn. 

64. It is only possible to suggest quahtaltive 
tests for the other sohd substances likely to be 
found. Of these, sbdium, chloride jse?' se is harmless, 
but its presence in any quantity may show recent 
contamination -with surface drainage water or with " 
sewage effluent. It is usual to rely upon a test for 
chlorides to establish the possibility of its occurrence, 
since sodium is not easily tested fpr so as to obtain a 
conclusive result. 
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Experiment 49. Half fill a test-tube with the 
water. Add a few drops of silver nitrate solution. 
Should turbidity be produced after shaking, add a Kttle 
weak nitric acid. A permanent turbidity, not cleared 
by the addition of the acid, is due to the precipitation 
of silver chloride, and indicates the presence of a 
chloride — probably sodium chloride. It wiU be found 
that aU natural waters afford a certain degree of 
turbidity, but a Uttle practice with different samples 
containing varying proportions of chloride will aUow~ 
a rough deduction as regards the chloride being present 
in excess, or otherwise, to be made. 

65. The nitrogen contained in all animal tissues 
produces during decay compounds of nitrogen oFsimpler 
composition than those found in the tissues themselves. 
The early stages of decomposition are marked by the 
formation of such ammonia, and this is slowly acted 
upon by oxygen under the usual conditions of decay, 
with the formation of compounds known as nitrites 
and nitrates. The nitrates are fully oxidised bodies, 
and are of themselves comparatively harmless, but 
water containing them in considerable amount labours 
under suspicion of contamination, and other noxious 
elements may be present in it which render it quite 
unwholesome. 

Experiment 50. The presence of ammonia may be 
detected even when it occurs only in very smaU quantity 
by the use of Nessler's reagent. Partly fill each of two 
Nessler tubes — or other narrow jars made of clear 
glass — ^with 100 c.c. of the water to be tested. Add 
to one of the jars 5 c.o. of Nessler's reagent. Stir the 
reagent with the water by means of a clean glass rod. 
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Stand both jars upon a clean white tile, and examine 
the contents of each from above in a good hght. 
A sample of water, free from all but the slightest trace 
of ammonia, should show only the faintest yellow tinge 
as compared with its untreated appearance. A_ distinct 
yellow or brown colour, or the production of turbidity, 
indicates water of doubtful quality. 

Experiment 51. Nitrites may be indicated by 
placing 50 c.c. of water in a Nessler tube, adding one 
drop of strong hydrochloric acid, followed by a little 
solution of sulphanihc abid and an equal bulk of 
naphthylamine hydrochloride solution. The prodiiction 
of a reddish coloration within 20 minutes may be tajsen 
'as evidence of the presence of nitrites. 

Experiment ,52./ Boil about lOO c.c. of the water 
to dryness in a clean porcelain dish. Dissolve the 
residue by adding about 1 c.c. of strong nitric acid, 
and then add about 10 c.c, of a solution of ammonium 
molybdate. The production of a yeUow colour or pre- 
cipitate indicates the presence of phosphates, probably 
derived from contamiiiation Avith animal matter. 

The above tests, especially if repeated with samples 
of water to wfiich minute quantities of the bodies to 
be tested for have been previously added, will serve 
to show the student the nature of the harmful impurities 
of organic origin Jiiat may be looked for, but the tests 
are only of value as indicating, should a positive result 
be obtained in any case, that the water is to be regaa'ded 
with suspicion, and the services of a competent analyst 
should be engaged for the purpose of further and more 
exhaustive examination before using the water for 
drinking. 
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A simple test, upon the result of which too much 
rehance must not be placed, is the following, devised 
to indicate the existence of organic contamination by- 
showing that the water contains dissolved matter ready 
to combine with oxygen, when the latter is presented 
to it in a suitable form. 

Experiment 53. Pour into a taU glass jar about 
200 c.c. of the water and into a similar jar the sam^ 
quantity of fresh distilled water. " Add to the contents 
of each vessel about 10 drops of strong sulphuric acid 
and just enough of a solution of potassium perman- 
ganate — Condy's fluid wDl do instead of this — to 
produce Hquids of a similar faint pink tinge after 
thorough mixing. Cover each jar and allow to stand 
for a quarter of an hour. Should the liquid in the 
jar containing the sample of water undergoing the test 
have lost its colour entirely, or have paled to a much 
greater degree than the Uquid in the other jar, organic^ 
matter of either vegetable or animal origin is probably 
present. The degree of wholesomeness of the water 
depends, of course, upon the depth of tint originally 
present and upon the extent to which this has faded. 

66. Of the impurities Mkely to be introduced into 
water by its treatment before consumption, the one of 
chief importance is lead. This metal, in the presence 
of dissolved oxygen and carbon dioxide, is slowly 
attacked by water, and small quantities of it pass into 
solution. Since all lead salts are poisonous, and, 
moreover, their effect is cumulative, i.e. the effect of 
each successive dose imbibed is added to that of each 
of its predecessors, it is highly important that drinking 
water shall not contain even traces of this element. 
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Test the driiiking water in your neighbourhood as 
follows: 

Experiment 54. To a quantity of the water, 
contained in a tall glass vessel, standing upon a white 
surface, add a little hydrochloric acid andsome solution 
of hydrogen sulphide or sulphuretted hydrogen. No 
coloratipn should be produced on stirring, and a yellow 
or brown colour or turbidity, caused by the precipita- 
tion of lead sulphide, is sufficient to render the water 
suspect. 

As a check upon the result of the above test, boil 
down about 100 c.c. of the water to about one-tenth 
its bulk, and add to the remainder a little potassium 
chromate solution., A yellow precipitate of lead 
chromate^-" chrome yellow" — shows that lead is pre- 
sent. 

To show the deUcacy of the above tests, add two " 
drops of lead acetate solution to 500 c.c. of distilled 
water, and repeat the experiment. 

It has been found that waters containing dissolved 
calcium sulphate or bicarbonate attack lead much less 
readily than water free from these bodies, but containing 
dissolved gases or acid bodies derived from peaty soils. 
The explanation suggested is that the lead reacts with 
the dissolved salts to form a sulphate or a basic 
carbonate of lead which is deposited upon the surface 
of the lead and protects it from further corrosion. 
The student should test this as directed in 

Experiment 55. Boil some distilled water for 
15 minutes, cool it in a closed vessel and poUr it into 
a clean glass vessel so as to fill the vessel almost entirely. 
Into the water drop a piece of freshly scraped sheet lead. 
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Securely cover the mouth of the vessel, and allow it 
to stand for some weeks. 

Place similar pieces of lead in other vessels filled 
with (a) unboiled distilled wEiter which has been 
allowed to remain in contact with the air for some days ; 
(6) a hard natural water, such as is frequently suppHed 
for household , use. 

Compare the results of this treatment after some 
time, and try to draw inferences from the appearance 
of the various pieces of lead and from the appearance 
of the water, as to whether the lead has been attacked 
or otherwise in each case. 

Water which has to be stored for any considerable 
period is best stored in tanks or cisterns made of other 
metals than lead, e.g. iron or zinc, and soft water 
should never be used for drinking after it has been 
allowed to remain in contact with lead. Some water 
supplies are artificially hardened by filtration through 
beds of chalk in order to minimise the risk of con- 
tamination with lead. 

67. Mention has already been made of the presence 
of bacteria in natural waters and the breaking down of 
animal and vegetable substances is one of the results 
of their vital activities. In Chapter xn a further 
accouftt of their nature wiU be found and methods 
for their destruction described. The removal of 
disease-producing bacteria from water used for drinking 
and cooking is a matter of great importance and may 
be effected by several methods. Prolonged boiling 
is the method most readily available in ordinary cir- 
cumstances and water suspected of organic contamina- 
tion should always be thus treated. Keeping the water 
at boiling-point for 20 minutes will kiU most micro- 
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organisms, but a greater measure of safety may be 
attained by allowing the water ^o cool and repeating 
the boiling at the end of 24 hours. Eurther information 
on this matter will be found in Chapter xii. 



QUESTIONS 

1. Mention the chief substances which may be found dissolved in 
a sample of spring water, and classify them according to their origin. 

2. What tests would you apply to dispover whether the water- 
supply of a farm was contaminated by sewage ? 

3. Explain clearly the formation of fur in a kettle. Of what 
substance doeS it chiefly consist and bow may this substance be 
shown to be present? 

4. Give clear directions for determining whether a given sample 
of water is hard or soft, and also how to distinguish between tem- 
porary and perlnanent hardness. 

5. Why is lead an unsuitable material for the construction of 
household utensils required .for cooking? 

6. Certain giises may be found in solution in all natural waters. 
Mention the most important of these, and briefly indicate how the 
sanitary character of the water may be affected by their presence. 

7. A giyen water-supply is found to effervesce when the water 
isv freshly drawn. To what do you' ascribe this phenomenon? 
Would you consider such water flt for drinking ? If not, give 
reasons for your opinion. 

8. Suggest a method of showing the delicacy of the test for 
ammonia described in the text. 

9. What means would you adopt, pending the report of an 
analyst, to prevent^serious effects resulting from the use of a drinking 
water ,^ which you suspect, as a result of your own examination, to 
be contaminated with matter of organic origin ? No other supply 
is supposed to be available. 
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CHAPTER VI 

SALT AND ITS DERIVATIVES 

68. Common salt is the parent substance whence 
many other useful substances are obtained, and it 
will be of interest to foUow out the stages whereby 
the latter are produced from salt by suitable chemical 
reactions. 

Two sources of supply are known in Nature, and 
from each large quantities of salt are obtained yearly. 
Sea-water is a solution of several mineral substances, 
of which salt, or sodium chloride, as it is termed by 
the chemist, is the most important. About three 
per cent of sea-water by weight consists of salt ^ in 
solution. Salt is also found in considerable quantity 
as a mineral deposit in the form of large crystals, 
usually "of a brownish tinge throi^h small amounts of 
iron chloride being present, and in this form is known 
as rock salt. The rock salt beds probably represent 
the residue left after the evaporation of the water of 
ancient seas. At Wielicza, in Gahcia, there is an 
enormous bed, said to be 500 miles long, 30 miles 
broad, and -1200 feet thick. Salt has been removed 
from this deposit continuously for some 600 years. 

Salt is obtained from sea-water by evaporation of 
the latter in warm countries, using the sun's heat, 
large surfaces of water being exposed in shallow pits 
near the shore so that the winds may assist in removing 
the vapoTir. In cold regions the water is frozen, pure 
ice separating out first, and the stronger solution of 
salt resulting being further concentrated over fires. 
The former method is in use on the shores of the 
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Mediterranean, while an example of the latter is afforded 

by the practice of the dwellers on the shore? of the 

White Sea, - 

Block salt is frequently dug out, or mined, like 

other minerals, as is the case in the Galician salt-mines. 

At the CheshiT;^ beds, another device 

is, generally used for obtaining the 

salt from the deposits. Water is 

forced into the bed by means of a 

bore-hole, or well, constructed for the 

purpose. After it" has been left in 

contact with the salt for a sufficient 

' length of time, the brine is pumped 

to the surface by powerful pumps, Fig. 47. 

^ ^ and is concentrated by evaporation. 
■- " __ Crystals' of salt are of a dazzhng white colour and 

cubic in shape, resembling those of potassium chloride 

shown in Fig. 47. They do not contain "water of 

crystaUisation" and, when heated, do not melt below 

a red. heat. 

Experiment 56. Place ahttle salt in a" hard glass 

tube, closed at one end. Heat the salt with a strong 

Bunsen flame. A crackMng' noise is frequently ^to be 

heard at an early stage of the" heating. This is' due to 
: brea;king-up of the crystals by. the escape of a little 
-, -- water, which: is commonly found within the crystals, - 

not combined, but, simply mechanically mixed with 
J J the salt. The crackUng is termed "decrepitation". 

At a later stage the salt melts, forming a; clear liquid, 

which again forms a crystalKne mass on cooling. The 

temperature of fusion is about 800° C. 

It may be that a deposit, consisting of small drops 

of water, will form upon the cooler part of the tube 

H. D.S.II. 9 
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during this experiment. This must not be considered 
as evidence that water forms an essential constituent 
of salt. In the crude state salt is generally con- 
taminated with small qua,ntities of the chloride of 
magnesium. This substance readily absorbs moisture, 
and, unless the salt is purified, wiU cause it to become 
damp in moist weather. Salt itseM does not deliquesce, 
i.e. tend to become hquid; when- exposed to a moist 
atmosphere. 

Salt is fairly soluble in watef at ordinary tempera- 
tiu'es, 100 parts by weight of water dissolving about 
36 parts of salt. It exhibits a peculiarity in its 
behaviour in that it is almost as soluble in cold water 
as in hot, 100 parts of water at its boihng-point only 
dissolving some 39 parts of salt. 

Experiment 57. Weigh out roughly 50 g. of &iely 
powdered salt, and transfer it to a beaker containing 
100 CO. of distilled water. Make a saturated solution 
of salt at the temperature of the water by stirring the 
salt with the water for about 20 minutes. Pour off 
the hquid from the undissolved residue through a filter. 
Add 5 g. of salt to the filtrate and bring the liquid 
to the boiling-point. If the original solution was really 
, saturated, it wiU be found that the salt added will not 
entirely dissolve even in boihng water. 

Experiment 58. Mount a piece of platinum wire 
fibout 2 inches long in a^ glass holder by drawing out 
a small piece of glass tubing to form a jet, inserting 
the end of the wire into the open end of the jet, and 
fusing the wire and glass together in a Buhsen flame. 
Heat the end of the wire in the flame and, while still 
hot, touch some salt with the tip. Replace the tip of 
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the wire in the outer . mantle of the flame near the 
bottom.. A vivid yellow coloration will be given to 
the flame by the burning of a Uttle of the sodium 
vapour volatilised by the heat." 

The production of this yeUow colour is the most 
characteristic test for the presence of sodium in a 
substance. It may readily be shown that this element 
is present— in small, proportions — in the air and in 
almost aU other bodies. 

ExPEEiMENT 59. Watch the outer mantle of a 
Bunsen flame. SmaU yellow flashes betoken the 
passage of particles of dust through the flame, each 
particle bearing its minuite load of sodium chloride. 
Place a duster or other piece of cloth on the bench 
near the flame. Strike the duster sharply with the 
open hand. A shower of small dust particles wiU be 
produced, and the flame will immediately show their 
presence. ^ - 

The sodium is u^u,ally present in the form of sodium 
chloride, and it is supposed that this substance is derived 
from the evaporation of spray blown from the surface ' 
of the sea by the wind, and then carried by the_wind 
into districts remote from the sea. 

69. We will next trace the progress of each of the 
elements sodium and chlorine contained in salt through 
a series of chemical changes, in each of which a substance 
of great value commercially is obtained. 

- Experiment 60., Pit up the apparatus shown in the 
flgure en p. 132. The flask contains sufficient rock salt 
— or lumps of fused salt — to cover the' bottom with 
a single layer. Sulphuric acid is poured down the 
thistle funnel until the salt is, just covered. The acid 

9—2 , 
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should be first diluted somewhat. This may best be 
done by slowly pouring some of the commercial acid into 
one-half its bulk of water 
contained in a beaker or 
other thin-waUed glass vessel. 

Gently heat the contents 
of the flask, and collect the 
gas evolved by the method 
of upward displacement of 
air. Dry jars should be used. 
The gas is colourless, but pro- 
duces grejdsh fumes when in 
contact with air. Hence it 
is easy to discover when a 
jar is full by watching the 

opening in the cardboard cover placed upon the mouth. 
Collect four jars for use in the succeeding experiments. 

The reaction which occurs in the above experiment 
is represeiited by the following equation: 




Kg. 48. 



Hydrogen sulphate) 
+ ' 

sodium chloride 



("sodium hydrogen sulphate 
j (^ hydrogen chloride. 



The sodium hydrogen sulphate remains in solution 
in the hot Hquid in the flask, and may be obtained in 
a crystalline form by cooling. The hydrogen chloride 
is the gas collected, and contains the chlorine from the 
salt used. 

Experiment 61. Plunge a lighted taper into one 
of the jars of gas. The taper is extinguished and the 
gas does not ignite. That is to say, the elements 
carbon and hydrogen present in the taper have no 
tendency to unite with hydrogen chloride, and the 
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latter has no tendency to combine with the oxygen of 
the air. * 

Experiment 62. Invert another jar in a trough 
partly filled with water and withdraw the, glass plate 
while th& mouth of the jar is under water. The rapid 
rise of the hquid in the jar shows that hydrogen 
"chloride^ is very soluble in water.. Replace -the, glass 
plate when no further rise in the. level of the water 
can be noted, and remove the jar, from the tj^ough. 
Drop red and blue Utmus papers into the water in the 
jar. The change in the colour of the latter shows 
that hydrogen chloride forms an acid when dissolved 
in water, 

Experiment 63. Cautiously smell the contents of 
the third jar. The smeU of the gas is extremely 
pungent, i.e-. it irritates the nose and tends to produce 
coughing or sneezing. (Tlie student shoul4 note that 
a "pungent" smeU is not necessarily either powerful 
or particularly unpleasant, butiis one which irritates 
the jiose by prodixcing a pricking or ticMing sensation.) 
After smeUing the gas, turn the jar upside down, 
remove the plate, and after haK a minute insert a 
Mghted taper. The continued burning of the taper 
indicates that the gas has escaped from the jar, being 
considerably denser than air. 

• Experiment 64. Dip a glass rod into a little strong 
solution of ammonia and plunge the wetted rod into 
the fourth jar. Dense whitish fumes will be formed 
around the rod. These are fumes of ammonium 
chloride, produced by the direct combinatioh of the 
ammonia with the hydrogen chloride. 
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ExPEEiMENT 65. To obtain some solution of the 
gas for testing purposes, remove the dehvery tube of 
the apparatus in which the gas was 
prepared, and substitute the arrange- 
ment showti in Pig. 49. Place the rim 
of the funnel in contact with the surface 
of some distilled water in a large beaker. 
Heat the'flask containing the sulphuric 
acid and salt, and allow the gas to pass 
into the water for some minutes.-^ Note 
that very few bubbles of gas escape 
from the end of the funnel, and that 
the solution of the gas formed near the 
surface of the Hquid is denser than 
water, as shown, by the streams of 
solution which may be seen descending 
from the jnouth of the fuimel. 
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Experiment 66. To separate portions of the 
solution obtained, add the foUojraig: 

(o) a Httle blue litmus solution; 

(6) a small piece of zinc; 

(c) a crystal- of washing-soda ; 

{d) a small lump of marble; 

(e) a few drops of litmus solution and then, 
little by little, just enough solution of caustic soda 
to turn the colour of the liquid to a purple tint. 

Evaporate the solutions obtained in (c) and (e) to 
dryness, and taste the residue. 

The results obtained by performing the above tests 
show that the liquid answers to the description of an 
acid given in Part I, Chapter xvin. It is known as 
hydrochloric acid, its earlier names being spirit of 
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salt or muriatic acid. (La,t:muria, brine.) The reasons 
for giving it these latter titles are evident from con- 
sideration 6f the method by which it was obtained. 

Large quantities of hydrochloric acid are mariufac- 
tujed by making use of the reaction between strong 
sulphuric acid and salt. The reaction is usually carried 
a step further than was done in the above laboratory 
_preparatipn. At a red heat the whole of Ihe "hydrogen 
in the sulphuric acid is displaced in combination with 
chlorine, the following equflition being reaMsed : 

Sodium chloride ] j" sodium sulphate 

hydrogen sulphate J \^ hydrogen chloride. 

70. From the solution of hydrogen chloride, the 
f element chlorine may be separated as f oUows : 

Experiment 67. Fit up the apparatus employed 
in the preparation of hydrogen chloride. Cover the 
bottom of the flask with smaU lumps of manganese 
dioxide. Pour down the thistle funnel enough strong 
hydrochloric acid (the solution obtained by causing 
as much hydrogen chloride as possible to be dissolved 
in water) to cover the manganese dioxide. Place the 
apparatus in a fume-chamber. Gently heat the contents 
of the fla^k, and note the evolution of a yellow gas. 
This gas may be collected by upward displacement of, 
air. Collect five jarrs. 

The yeUow gas is chlorine, a gaseous element. 
Equation : 

^ _ 'manganese chloride 

Manganese dioxide ^ + 

; + }- = -| hydrogen oxide 

, hydrogen chloride j .+ 

, l_ohlorine. 
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Catjtion. Avoid smelling the gas directly^ An 
idea of its powerful suffocating smell will be acquired 
duritig the performance of this and other experiments, 
with it,' and it should be noted that an incautious 
breathing of the ■ undiluted gas may. be attended with 
fatal results. The gas attacks the mucous membranes 
of the nose, throat and lungs, destroying them, and 
thus causing suffocation. 

Experiment 68. Plunge a lighted taper into a jar 
of chlorine. It wiU be found that the gas is non- 
inflammable, while the taper continues to bum with 
an extremely smoky reddish flame. The hydrogen of 
the taper combines with the chlorine to form hydrogen 
chloridej while the carbon, which is unable to com- 
bine directly with that gas, is set free in the form 
of soot. 

Experiment 69. Warm a httle turpentine (a 
compound of carbon and hydrogen) in a porcelain dish 
in the fume cupboard. Dip some cotton-wool into 
the warm hquid. Drop the wool into another jar of 
chlorine. The vigorous nature of the combination of 
hydrogen with chlorine will be shown by the rapid 
combustion of the turpentine, attended by the formation 
of dense clouds of soot. 

Experiment 70. Hold a bunch of flowers in a 
jar of the gas. The colour will be discharged and 
the petals wiU become white. This action is known 
as bleaching. Chlorine wiU bleach vegetable colours 
'ra,pidly. 

Experiment 71. Into another jar of chlorine drop 
a small piece of cloth, dyed with Turkey red or with 
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indigo, and moistened with water. The coloHir will 
soon be destroyed, and a white or faintly yellowish 
rag will remain. 

Repeat the test with a similar piece of cloth which 
has been thoroughly dried and with a jar of chlorine 
which has also been dried by pouring in a Httle strong 
sulphuric acid and allowing it to remain in contact 
with the aas for 20 minutes. It wiU be found that 
bleaching does not occur, or, if it does, it is very slow 
and indicates that thfe drying was incomplete . Moisture 
must evidently be present in order that the bleaching 
properties of chlorine may be rendered manifest, 

TTie chlorine reacts with w;ater in such a way that 
the oxygen of the latter is displaced and hydrogen 
chloride is formed : ' 

Chlorine + hydrogen oxide = hydrogen chloride + oxygen. 

The bleaching is attributed to the action of the 
oxygen upon the colouring matter, and the fact that 
ordinary oxygen is unable to effect this change is 
sometimes explained by assuming that the newly 
formed oxygen is more energetic than it becomes after 
it has existed in the free state for a short time. It is 
supposed that the oxygen at the moment of Mberation 
is in the form of atoms, while, if left to itself, these 
atoms form groups of two, termed mQlecules (see 
Part. I, par. 180). The extra energy of the atoms is 
ascribed to their not having lost part of their energy 
by thiis forming molecules, the constituent atoms of 
which expend a certain amount of energy in uniting. 

Note. An alternative explanation of ih* bleaching is that the 
action of cold water upon chlorine is not of the simple character 
stated above. The following equation represents this : 
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' Chydrogen chloride 

Hydrogen oxide-j I 



( I hydrogen hypochlorite 
chlorine ; [ (hypochlorous a<!id). , 

Hypoohlorous acid ^ an unstable compound, and is readily 
decomposed with the evolution of "considerable energy, which is 
usually rendered sensible in the form of heat. Its decomposition 
is shown as follows: ' 

Hydrogen hypochlorite = hydrogen chloride + oxygen. 

The bleaching action is considered to be due to this decom- 
position being efiected in contact with the colouring matter/ and 
the extra energy required by the oxygen to efieet the bleaching 
is supplied by the energy set free during the splitting up of the 
hypochlorous acid, some of which takes the form of chemical energy 
instead of heat. 

Experiment 72. Into another jar of chlorine drop 
a sheet of Dutch metal — a form of brass, sold in thin 
sheets, resembling gold leaf. The metal combines with^ 
the chlorine with such avidity that it becomes red-hot: 
The yellowish -green fumes produced- are those of small 
particles of copper chloride, copper being the chief 
constituent of the Dutch metal. 

Other metals are similarly attacked by chlorine, 
especially when finely divided or in the form of thin 
sheets. Bulky masses of metal are first attacked on 
the outside, and prolonged action results in the corrosion 
becoming considerable. 

71. Chlorine is manufactured on the large scale 
for use in making bleaching powder. This is obtained 
by allowing chlorine to act upon slaked lime in the form 
of fine powder. The product is a creamy white powder 
with a slight odour of the gas. It is of great value as 
a bleaching agent. Acids, even so weak an acid as 
carbonic acid, hberate chlorine from it readily. 
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Experiment 73. Cover the bottom of a gas-jar 
with a thin layer of bleaching^ powder. POur into the 
jar enough hydrochloric acid to cover the powder. 
Chlorine is evolved at once, and the. jar may be readily 
filled by this means. - 

Repeat the above operation, using in turn sulphuric, 
nitric; and acetic acids. 

^ Experiment 74. Dissolve about 5 g. of tartaric 
or phosphoric acid in 100 c.c. of water. To the 
solution add enough gum dextrin to make it sticky. 
With the Mquid thus obtained draw or stencil a design 
on a piece of cloth dyed with a vegetable dye. Dry 
the wetted parts of the cloth. Prepare two -vessels 
containing some bleaching powder stirred .up with 
water, -and plain water respectively. Dip the cloth 
in the former and allow it to remain for about a minute. 
Remove it and plunge it into the water in the other 
vessel. Squeeze it well between the fingers to remove 
as much as possible of the bleaching solution. Examine 
it after this treatment. It will be found that the part 
of the cloth upon which the design was' drawn is now 
white. Should it not be so, a repetition of the treatment 
wiU usually be sufficient to effect complete bleaching. 

Coloured cloth is frequently dealt with in similar 
fashion, to the above, when a whitei pattern is required 
to appear upon a coloured ground. Very careful 
washing is needed after the bleaching in order to remove 
the last traces of the hydrochloric acid produced by the 
decomposition of the hypochlorous acid first formed. 

The production of bleaching powder does not lend 
itself readily to demonstration in the laboratory, but 
a valuable bleaching agent may be prepared by a 
somewhat similar reaction. 
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Experiment 75. Dissolve about 10 g. of potassium 
hydroxide (caustic potash) in 100 o.c. of water. Place 
the vessel containing the solution in a trough-of cold 
water in a fume-chamber. Pass a steady stream of 
chlorine through the alkaline hquid for several minutes. 
This may be done by fitting up the apparatus sho^ 
in Fig. 50, ' 




Fig. 60. 

The flask contains bleaching powder, and strong 
hydrochloric acid is allowed to drip slowly on the powder 
froin the tap-fuimel. Or a Kipp's apparatus may be 
used, in whiqh the middle bulb is partly filled with 
small cubes of bleaching powder mixed with a Uttle 
plaster of Paris, and with an acid, such as hydrochloric, 
in the lowest chamber and reservoir. 

A solution of potassium hypochlorite containing 
some potassium chloride is thus obtained : 
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Chlorine 
+ 
potassium hydroxide 



i potassium hypochlorite 
' + ' 

potassium chloride + hydrogen oxide. 

This liquid is known as "Eau de Javelle" and may 
be usedior. simple^ bleaching operations where v^etable 
colours are concerned. 

Experiment 76. Make a blot, or write, with 
ordinary writing ink upon a sheet of printed matter. 
Carefully paint the blot or writing, when dry, with 
a little of the solution just prepared. Allow the liquid 
to remain in contact with the paper for a short time 
and then remove as much as possible with absorbent 
paper. Wash the part treated by painting it two or 
. three times with clean watery absorbing the water each 
time with blotting-paper. It will be found that the 
writing ink may be removed with more or less success 
without damage to the printed matter. Printer's ink 
owes its colour to finely divided carbon — ^lampblack — 
and this material, as we have ajhready observed in 
Experiments 68 and 69, is not attacked by chlorine. 

72*. - In the substances produced from common salt 
with which we have been concerned up to this point, 
the element chlorine from the salt has been contained. 
We will next trace its fellow, sodium, through a series^ 
of changes in which other useful substarfces are formed. 

When dealing with the manufacture of hydrochloric 
acid from salt, it was stated thai; the action of sulphuric 
acid upon salt resulted in the production of sodium 
sulphate'. This substance is of considerable value to 
the glassmaker and dyer, while a certain amount finds 
a somewhat questionable use as a "filling" for cold 
waiter soaps, and the purified substance is used in 
medicine under the title' of "Glauber's salt". When 
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obtained, together with other bodies, in the above 
manufacture, it is termed salt-cake. It is mixed with 
the proper quantities of chalk and coke or smaU coal, 
and is then heated strongly in special furnaces. As the 
result of several reactions, the greater part of the 
sodium appears in the product as sodium carbonate. 
The product — "black a§h" — ^is treated in a series of 
large tanks with several successive quantities of water 
to dissolve the sodium .carbonate. The solution is 
evaporated down and allowed to-cool. Clear glass-hke 
crystals of sodium carbonate- — ^washing-soda — separate 
out. These contain a very large proportion of water — 
or rather, hydrogen and oxygen in the same proportion 
by weight as in water — and, in order to obtain sodium 
carbonate itseK, this "water of crystallisation", as it 
is termed, may be driven off by heat. - 

ExPEEiMBNT 77. Place a few grams of washing- 
soda crystals in a small porcelain dish. Heat the dish 
and its contents over a small Bunsen flame. Watch 
the behaviour of the soda, and, when no further action 
occurs, examine the product. This is "anhydrous" 
sodium carbonate, i.e. sodium carbonate deprived of 
the elements of water. 

sodium carbonate (anhydrous) 
podium carbonate (hydrated) = ■ + 

hydrogen oxide. 

Sodium carbonate crystals lose some of their water 
of crystaUisation when exposed to the air, even without 
the application of heat. 

' Experiment 78. Weigh out about 10 g. of clear 
small crystals of washing-soda into a weighed porcelain 
dish. Allow the dish and its contents to stand in 
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a dry place free from dust for several ^ays- Examine 
the contents of the dish daily, and also note any change 
in weight. It will be found that the crystals slowly 
become covered with a white powder, and that the 
weight decreases steadily. 

Substances which behave similarly to washing-soda 
in giving up water of crysta.Ilisation on exposure are 
said to "effloresce", and the phenomenon is known as 
"efflorescence ". This inay be considered as the reverse 
of dehquescence (see earlier part of this chapter.) 

The method of making sodiuni carbonate from 
sodium chloride outlined above is dxie to Leblanc. His 
process was first worked on the large, scale in France 
at the time of the Revolution. The import of soda had 
ceased as the result of the action of Napoleon in closing 
French ports to EngUsh and American ships. TJntil 
1793 the chief source of the carbonate had been the 
ashes produced by the burning of seaweed. Napoleon 
offered a prize of 100,000 franca for a commercial 
method of obtaining it from common salt, this prize 
being awarded to Leblanc. 

The Leblanc pro_cess is stiU worked, but not primarily 
as a means of procuring sodium carbonate. The other 
substances, such as hydrochloric acid, formerly wasted, 
have become of great commercial iniportance, and the 
method is now used largely for the preparation of such 
"by-products". 

:The ghief rival of the Leblanc process is the 
"ammonia-soda" process of Sblvay. In this, carbon 
dioxide and ammonia are passed through soditim 
chloride solution in towers of special construction. 
The reaction which takes place involves the production 
of sodium bicarbonate and ammonium chloride. Both 
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these salts are soluble in water, but the bicarbonate 
much less so than the chloride. The crystals which 
separate out first itova. a concentrated solution of these 
bodies consist of practically pure sodium bicarbonate. 
To transform the bicarbonate into the carbonate, it is, 
heated. 

ExPEBiMBNT 79. Place about 2 g.' of bicarbonate 
of soda in a test-tube and Tieat, with the tube in a 
horizontal position, in a Bunsen-flame. Steam will be 
produced and some of this wiU condense as small drops 
of water on the interior of the tube. Hold another 
test-tube containing a Uttle Ume-water with its mouth 
just below that of the other tube. After a few seconds, 
shake the tube and lime-water. The production of 
considerable turbidity wiU show that carbon dioxide is 
also given off when the bicarbonate is heated. 

^sodium carbonate 



Sodium hydrogen carbonate = 



hydrogen oxide 

+ 
carbon dioxide. 



The normal carbonate may be transformed into the 
bicarbonate in the following manner. 

Experiment 80. Dissolve about 1 g. of washing- 
soda in water. Test the reaction of the solution toward 
litmus paper. It wiU be found to turn red htmus 
paper blue. Sodium carbonate is therefore a salt with 
an alkaline reaction. (See Part I, Chapter xvm.) 
Pass carbon dioxide through the solution for several 
minutes and again test the reaction of the liquid. 
It will probably be stiU alkaline. Continue passing 
the gas, testing the reaction of the liquid at intervals. 



= sodium hydrogen carbonate. 
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A stage will at length be reached when the reaction is 
practically neutral, or at most very faintly alkahne. 
The liquid is now a solution of sodium hydrogen 
carbonate, produced according to the equation : 

Sodium carbonate"^ 

+ 
carbon dioxide 

+ 
hydrogen oxide 

- The bicarbonate cannot be obtained in solid form 
by evaporation of the sdltition, since it is decomposed 
by heat. 

Exercise for Student. - - 
What otherbicarbojijates behave similarly to sodium bicarbonate 
with reference to their behaviour when heated ? 

73. Sodium carbonate was known in early days as 
a "mild" alkali, in contradistinction to the "caustic" 
alkaHj sodium hydroxide, or hydrate, as it is less 
correctly called. The carbonate may be transformed 
into the hydroxide by the action of slaked Umet 

Experiment 81. Make a solution of washing-soda 
by dissolving 20 g. in 200 c.c. of water. To this add 
about 20 g. of slaked hme. Boil the mixture for some 
time in a beaker with a clock-glass or porcelain dish 
upon its mouth to prevent too much liquid being lost 
by evaporatipn. From time to time filter a few drops 
of the mixture, and add a little hydrochloric acid to 
the filtrate. When efEervescence ceases to be produced 
on heating the filtrate in this manner, stop the heating, 
and filter the whole of the liquid. Boil down the 
filtrate to dryness in a porcelain dish. The resulting 
soKd is a sample of the caustic alkali, sodium hydroxide. 

H. D. S. II. 10 
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Exercise for Student. 
Verify the statement that the residue just obtained is an alkali . 
by performing the tests suggested in Part I, Chapter xviii. , 

Caustic soda is made on the large scale by a siiitable 
modification of the above process, but in the ready 
production of the hydroxide by modem electrolytic 
processes, the older process has a formidable rival. 

74. Most of the substances which we have shown 
may be produced from the parent substance, common 
salt, are of very considerable use in household matters, 
as well as in the arts and manufactures. 

Salt itself is used as a condiment and preservative, 
and also in the manufacture of soap and as a glaze for 
some kinds of earthenware. 

Sodium sulphate, when mixed with haK its weight 
of strong hydrochloric acid, forms an excellent freezing 
mixture. 

Sodium carbonate, in the famihar form of washing- 
soda, is of great value as a water-softener and soap-saver 
in the laundry. 

Baking-soda, or bicarlaonate of soda, finds applica- 
tion as a raising agent tu cookery. 

Caustic soda is the alkali of most general service in 
the arts and manufactures. It is used in large quantities 
for soapmaMng, papermaking, bleaching and dyeing. 

Hydrochloric acid is sometimes used as a disinfectant 
and is sold under the name of "spirit of salt" for the 
tinman's use. It also finds very considerable apphca- 
tion in calico printing and dyeing and is one of the 
most valuable laboratory reagenjbs. 

Chlorine is also a most powerful disinfectant. Its 
value as a bleaching agent has been already referred 
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to, and it is made on the large scale for use in the 
manufacture of bleaching powder. 

The contents of the foregoing chapter wiU serve to 
give the student an idea of the services rendered to 
household affairs and to the various arts by chemical 
research, and will emphasise the importance of the 
close inter-relation of the work of the laboratory 
scientist with that "of the worker in the domain of 
the arts and mamifactures. / 

QUESTIONS " 

1. Washing-soda and spirit of salt may both, be obtained from 
salt by suitable chemical interactions. Describe a method of 
reprpduoing a sample of salt from these materials. 

2. Suggest a method of removing an inkrstain from'a' white 
cotton dress. 

3; Starting with baking-soda, how may some caustic soda be 
preparted? 

4. By, what tests would you distinguish a, Sample of salt from 
one of baking-soda? 

5. Give an account of some experiments which show the very 
energetic character of the combination of hydrogen with chlorine. 

6. What would you do in order to find out whether a sample 
of washing-soda was contaminated with bicarbonate of soda ? 

7. In what way is the bleaching eiieot of chlorine explained? 
Why does oxygen in the free state possess less bleaching power 
than when evolved in contact with the material to be bleached? 

8. State some reasons, based upon your practical work with 
chlorine, why chlorine is not used more generally as a disinfectant. 

9. Give in outline a description of the Leblanc process for the 
manufacture of sodium carbonate. 

10. If you were supplied with some common salt, sulphuric 
acid, manganese dioxide, and quicklime, what substances could you 
prepare?. Describe briefly the method you would* adopt to obtain 
a sample of each of, the substances you mention. 

10—2 
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CHAPTER VII 

CLEANSING AND BLEACHING 

75. The method adopted to remove dirt depends 
upon the nature of the latter and upon the closeness 
of its association with the material to be cleaned. 
Dirt which is merely present on the surface of an 
article may usually be got rid of by the aot of rubbing. 
Thus dust and mud are brushed from clothing without 
the assistance of a special substance capable of attacking 
the dirt in any way. On the other hand, grease stains 
or paint marks cannot be removed by brushing or 
rubbing, but require the action of some substance 
which will absorb or dissolve the grease or paint. Both 
methods of removal of dirt are frequently taken ad- 
vantage of in combiiiation, e.g. in the act of washing 
one's hands, they are rubbed together and soap is also 
made use of to help in the cleansing. The operations 
involved in cleansing will be considered in greater 
detail in the succeeding paragraphs. 

76. The mechanical removal of dirt may be effected 
by the use of special appUances, such as brushes or 
"vacuum" cleaners, or by rubbing with powdered sub- 
stances, such as emery or whiting, the cleansing agent 
being either used dry or with the addition of water. 

When brushes are used without other material, the 
effect of the brushing frequently amounts to the removal 
of the dirt into the air, followed by its subsequent 
settlement elsewhere. To obviate this, it is a common 
practice to use damp tea-leaves or sawdust when 
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brushing floors, in order that the <Jamp particles may 
act as nuclei for the attachment of the dust. Special 
preparations are also sold for the purpose, for some 
of which' it is claimed that they also act as disinfectants. 
Another good method of preventing the "raising of 
the dust" is to sprinkle the floor with a weak solution 
of a disinfectant before sweeping. A modem device 
which has attained some popularity is the so-oaUed 
"vacuum" cleaner. In this appliance, the dust is 
caused to pass through an opening, which is brought 
into contact with the article to be cleaned, into a 
receptacle attached to the machine, by the action of 
a suction pUmp worked by the muscles of the sweeper 
or, in the more expensive varieties, by a small electric 
motor w^ich may be attached to the Mghting supply. 
The efficiency of these cleaners appears to depend 
somewhat upon the exercise of due care and perse- 
verance by the operator. - 

The value of the various powders depends upon 
their power as "abrasives", i.e. upon the scratching 
away of the particles of dirt by the rubbing against 
them 6f the particles of powder. Some substances in 
common use for this purpose are sand (sihcon dioxide), 
emery (aluminium oxide), rouge (iron oxide), putty 
powder (tin dioxide), and whiting/ (calcium' carbonate). 
In many cases the' powders are composed of materials 
which are harder than the- surfaces of the substances to 
be cleansed, aind this results ina portion of the surface 
of the material Jseing removed during the cleaning 
process, causing the powder to have a poMshing effect. 
The best results' are obtained when the particles of 
powder are very fine, the' amount of surface reihoved 
being then least. Large particles leave scratches on 
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the surface visible to the naked eye. The scratches 
made by very fine particles blend together to produce 
a glossy surface. 

Water is commonly used as a medium for preventing 
the production of dust when using powders as cleansers, 
and also as a lubricant, assisting in the latter case to 
prevent scratching. It is often used alone for cleaning 
purposes and dirt which is only loosely held in contact 
with the material to be cleaned can often be readily 
removed by rubbing in the presence of water. The 
motion of the water floats away the particles of dirt 
and its action in this respect is entirely mechanical. 

There is, however, another side to the action of 
water as a cleansing agent. It is the solvent of most 
universal appUcation, and a great part of its cleansing 
power may be attributed to this property. Many 
stains on cloth, such as those of tea or fruit, may be 
removed if immediately treated with plenty of water. 
Should the stain be allowed to remain for a comparatively 
long time, howfever, and to become dry, the staining sub- 
stance may react with the stained material, and in this 
case resort must be had to special methods of removal. 

Other solvents of value for special purposes are 
methylated spirit (ethyl or ordinary alcohol to which 
about 10 p^r cent of methyl alcohol — ^wood-spirit — ^has 
been added, together with just enough paraffin to 
render it slightly turbid on the addition of water), 
turpentine, ammonia solution, carbon disulphide, ether, 
and benzene. Stains produced by fatty matter are 
not dissolved by water and the use of a solvent for 
the grease, such as petrol or benzene, is necessary, if 
prehminary treatment with a warm iron placed over 
clean blotting-paper or fuller's earth has been ineffective. 
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Tliese solvents are volatile liquids and their vapours form 
explosive mixtures with: air. HenCe great care must 
be exercised in their use and they must on no account 
be used in the neighbourhood of a naked flame. To 
obtain the best results, the solvent should not be 
placed directly upon the grease-spot, as this usually 
brings about the spreading of a solution of grease in 
the .solvent around the original stain, the mark left 
after the evaporation of the solvent being larger than 
that originally present. The solvent should be poured 
in a circle around the spot and worked towards it with 
a clean soft jag. The dissolved grease then collects at 
the centre and jnay be removed, together with excess 
of solvent, by absorbent paper. 

77. The action of water is greatjy assisted by the 
addition of certain other materials, paramount among 
these being- soap. The nature and cleansing action of 
soap deserve somewhat fuller' treatment than can be 
spared for most of the remaining substances of value 
as cleansers. 

Soap is a salt, or more commonly^, a mixture of 
salts. The apid (or acids) concerned in the composition 
of soap belongs to the same group as acetic acid — 
the acid of vinegar — or to' other closely aUied groups. 
The chief acids are stearic, palmitic, and oleic. Their 
main point of difference from acetic acid is that their 
molecules contain much larger numbers of atoms of 
carbon and hydrogen. Thus the formula of acetic acid 
is CgHjOa, while that of stearic acid is CigHggOg. We 
have learnt in Part I, Chapter xvni, that the neutrali- 
sation of acids by alkahs produces salts. When stearic 
acid is neutraHsed With caustic soda, the salt formed 
is a soap. The latter substance is not, however. 
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commonly made by causing an alkali to react with one 
of tha "fatty" acids, as they are called. Advantage 
is taken of the power possessed by the stroi^ alkalis 
of removing weaker bases from combination with acids, 
the metal of the strong alkali combining with the acid 
residue to form a new salt. The common fats and oils 
are salts of the fatty acids with a weak base, glyceryl, 
which exists in combination with the radical hydroxy] 
as glycerine or glycerol. 

Note. A "radical" is a group of elements ■which behaves in 
many ways as if it were a single element. Thus the group hydroxyl, 
consisting of one atom of hydrogen and one atom of oxygen, is the 
radical common to all the bases and may be transferred from one to 
another by suitable reactions without separation of the hydrogen 
and oxygen. 

Prolonged action of a caustic alkaU upon a fat 
results in the glyceryl being removed in combination 
with the hydroxyl of the alkali as glycerine, and the 
formation of a soap in which the metal tsontained in 
the alkali is combined with the radical of the fatty acid. 

Experiment 82. Mutton tallow chiefly consists of 
glyceryl stearate. Weigh out roughly 50 g. of good 
mutton tallow and place it in a large porcelain dish 
or small iron saucepan. Add about 60 c.c. of water. 
Make a solution of caustic soda by dissolving 15 g. in 
120 c.c. of water, and add about half this solution to 
the contents of the dish. Heat the dish and its contents 
till the Uquid boUs. Continue the heating for about 
an hour, adding small quantities of water from time 
to time to replace that lost during boiling. Next add 
the remainder of the alkaline solution and again boil 
for another hour. Add water as before to compensate 
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for that which boils away, gradually lessening the 
replacement, so that, at the end of the operation, the 
volume of the contents of the dish has diminished by 
about one-third. , Throw in about 25 g. of common 
salt, boil for five minutes, and allow to cool. The 
soap wiU rise to the top of the cold hquid, while the 
salt, glycerine and unused caustic soda wiU be contained 
in the watery hquid beneath. Remove the layer of 
soap by skimming as completely as possible and purify 
it by dissolving in 100 c.c. of hot water, boiling for 
ten minutes, arid salting out once more. The soE^p 
may be dried, after removal from the dish, by squeezing 
between layers of absorbent paper, followed by exposure 
to the air in a warm place.' 

The reaction occurring in this experiment may be 
reipresented thus : 



Glyceryl stearate 

(mutton fat) 

+ 

sodium hydroxide 
(caustic soda) 



glyceryl hydroxide 
(glycerine) 
= -! ' + 

sodium stearate 
(hard soap). - 



Soap is soluble in wateir but is- insoluble in. fairly 
-strong brine. Hence the use of salt to cause the 
separation of the soap. 

Experiment 83. Dissolve about 3 g. of salt in 
100 c:c. of distilled water. This solution roughly 
-"represents sea-water. Try to wash the hands, using 
ordinary soap and the salt solution just made. 

Exercise for Student. 
JiXplain why it is difficult to cleanse the hands in this experiment. 
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If caustic potash be substituted for caustic soda in 
Experiment 82, the soap produced will be different in 
character and is a sample of the variety known as soft 
soap . Salting out is usually omitted in the manufacture 
of soft soaps, the liquor being concentrated by boiUng 
until of the proper consistency and the glycerine and 
a small excess of alkah being left in the finished product. 

The question of the reaction which occurs when 
soap is added to hard water is dealt with in Chapter v. 
The turbidity or scum produced during such action is 
caused by the formation of soaps containing calcium 
or magnesium in place of sodium or potassium. Such 
soaps are insoluble in water and are useless as cleansing 
agents. 

78. In making soap the weak base glycerol is 
replaced by the more powerful base caustic soda. In 
similar fashion, the weak acids contained in soap may 
be replaced by stronger acids, such as hydrochloric 
and sulphuric. The fatty acids, being themselves 
insoluble in water, may readily be obtained by making 
use of this reaction. 

Experiment 84. Dissolve about 1 c.c. of the soap 
made in Experiment 82 in about 10 c.c. of hot water. 
Cool the Hquid under the tap, and add about 2 c.c. of 
strong hydrochloric acid. A white precipitate wiU 
form. This is the stearic acid. 

Sodium stearate \ f sodium chloride 
hydrogen ohloridej v hydrogen stearate. 

79. The explanation of the undoubted excellence 
of soap as a detergent (= cleansing material) has 
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received much attention at the hands of chemists, 
but the nature of the action or actions involved is 
compHcated, and no simple statement can be made 
which wiU cover all the phenomena observed. At an 
early date it was found that water had the power of 
reacting with soap, acid soaps being formed which 
were comparatively insoluble, and a small amount of 
free alkah being left in the solution. 



Sodium oleate \ , ,. , , , ^ 

I [sodium hydrogen oleate 

iydroeen hydroxide f"* 1 ,. , , i. > 
I ^sodium hydroxide. 



Since alkalis attack grease with the formation of 
soaps, it was thought that the grease with which the 
dirt was accompanied was saponified (inade into soap) 
by the free alkali and that the cleansing power of soap 
was partly due to this reaction. It has been shown, 
however, that alkaUs of the strength which would be 
formed by the above reaction are much too weak to 
exert appreciable powers as saponifying agents. Even 
weak alkalis, however, have another effect upon grease, 
if the latter be of vegetable or animal origin. This 
effect may well be shown by a simple experiment. 

' Experiment 85. Pour about 1 c.c. of olive oil 
into a test-tube, add about 10 c.c. of water, and cork 
the tube. Shake the tube and its contents vigorously 
fpr half a minute. Put oh one side in an upright 
position. Treat another similar, quantity of ohve oil 
with 10 c.c. of a solution of washing-soda, containing 
one per cent of soda. Repeat the above operations, 
substituting 1 c.c. of paraffin oil.for the olive oil. 
Compare the effects produced with those obtained 
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when one per cent solution of borax (sodium borate) 
is substituted for the washing-soda solution. 

It wUl be found that water alone is imable to retain 
much of the oils in suspension. The latter separate 
out readily, forming a distinct layer on top of the 
water. The oUve oil treated with soda or borax does 
not thus separate out, but remains suspended in the 
hquid for a considerable time in the form of fine 
globules. Parafiin oil, however, is not affected in 
this way by the alkaline salts added. The soda 
and borax, in common with other alkahs and alkaline 
salts, are sa;id to emulsify the fatty matter. Mineral 
oUs are jiot capable of emulsification in this way. 
Emulsification would seem to depend upon the 
presence of a saponifiable fat, and other fats are 
kept in suspension longer when animal or vegetable 
fat is also present. 

Experiment 86. Repeat the previous experiment, 
using a mixture of 1 c.c. of paraffin with 0-5 c.c. of 
olive oil in the place of the ohve oil alone. Note the 
behaviour of the liquid after vigorous shaking, com- 
paring it with the behaviour of paraffin oil when shaken 
with soda. ' 

The emulsifying power of alkahs may be supposed 
to be of service in the removal of dirt by soap in that 
the small amornit of free alkah formed in weak soap 
solutions wiU help to clean dirty linen or dirty hands 
by emulsifying ihe grease associated with the dirt, the 
latter being carried away attached to some of the small 
fat globules, or, freed from grease by the action of the 
alkah, may be more, easily removed mechEinically by 
the action of moving water. 
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The saponifying and emulsifying, of grease by soap 
were long considei'ed to be tlie main factors in cleansing 
with that material. Recently, however, Professor 
Herbert Jackson has shown that another property of 
soap solutions is brought into play. Examination of 
the behaviourj of microscopical particles of dirt sus- 
pended in water shows that they are in a state of 
continuous movement, the smaller the particle the more 
rapid being the rate of motion. -This was faiown as" 
the "Brownian movement" of small particles, after 
Dr Brown, who first pointed it out.' It is also termed 
pedesis, from a Greek verb meaning "to dart about". 
It is supposed that the movement is caused by the 
bombardment of the particles by the molecules of 
the Hc[uid, which, it will be remembered, are themselves 
in a condition of rapid and continuous movement. 
(See Part I, Chapter v.) The smaller the particle, the 
more it will be affected by this molecular bomba,rdment. 
Professor Jackson has shown. that soap solution assists 
in loosening the attachment, of small particles of dirt 
from dirty materials and thus allows pedesis to come 
into play, with the result that the small particles begin 
to move about freely -with an oscillatory motion and 
are rendered capable of being carried away with the 
moving water. 

An interesting point concerning pedesis is that the 
presence of many substances in solution in water has 
the effect of hindering the movements of the particles. 
Among these substances are alkahs, such as caustic 
soda and caustic potash, and alkaUne salts, such as 
washtag-soda. Hence it would seem that the presence' 
of any considerable portion of free alkali in washing' 
water is to be deprecated, and the quantity of washing- 
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soda used for washing should be limited to Kttle more 
than the amount necessary for softening the water. 

80. Soap powders are frequently made use of for 
washing clothes. Such powders generally consist' of 
powdered soap, together 'with- varying amounts of 
washing-soda or pther form of sodium carbonate, a 
certain proportion of insoluble matter, and some 
40 per cent of water, the last named being chiefly 
held in combination with the various constituents. 
The value of these powders is somewhat doubtful, in 
view of what has just been said with reference to the 
effect of the presence of free alkah in retarding the 
remov£|,l of dirt by virtue of the Brownian movement. 
Probably^ the chief practical, advantage arising from 
the use of soap powders is to be found in their easy 
feolubihty. In general it may be taken that the best 
results may be obtained by the use of a good soap 
and soft water, any alkali used to soften the water 
being added with discretion. 

81. ' A point of importance in household finance is 
to obtain a soap which shall contain as large a per- 
centage as possible of soluble soap and as httle water 
and foreign matter as is feasible. 

ExPEEiMENT 87./ Weigh out 5 g. of soap into a 
smaU porcelain dish, previously cleaned and weighed. 
Place the dish on a sheet of wire gauze over a small 
flame. To facilitate drying, the soap may be shredded 
after weighing. Heat the dish and contents, stirring 
from time to time with a clean glass rod, ujitil moisture 
ceases to be deposited upon the under-surface of a 
clock-glass placed at intervals upon the top of the dish. 
Cool and weigh the dish as soon as cold. Check the 
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completion of the drying by heating again for a short 
time, cooling and again weighing. Care must be taken 
to heat gently or the soap will be charred and the loss 
of weight will represent loss by decomposition of the 
soap as well as by evaporation of the water which is 
contained in it. Calculate the percentage of water. 
This should be from 20 to 30 per cent in the case of 
a good soap. Should the amount considerably exceed 
30 per cent, 'the soap-maker is evidently making extra 
profit by seUing water at the price of soap. 

Dissolve 10 g. of the soap in 250 c.c. of distilled, 
water. The solution should be almost . clear, only a 
slight opalescence being perceptible. AUow the solution 
to stand foi^ some time and examine the base of the 
containing vessel for sediment. A good soap should 
deposit no insoluble soHd matter, or at most, so little 
that it ihay be neglected in estimating the value of 
the soap for laundry purposes. 

82. It frequently happens in laundry work that 
dirt has to be removed which is more closely aUied to 
the fabric than is the ordinary dirt removable by the 
use of soap and water. Stains of fruit juices, ink, acid, 
and old grease marks need the apphcation of special 
methods of removal. One of the commonest stains 
is that produced by the use of soap and soda themselves 
in the process of washing. AlkaHs cause a yellowish 
coloration in fabrics made of hnen or cotton materials. 
To regain whiteness, the washed fabrici is dipped into 
a liquid containing a material which, either in solution 
or suspension, causes the Hquid to have a blue, tint- 
The fabric is tinted faintly blue by this means and the 
blue colour neutrahses the tint produced by the alkali. 
Several forms of "blue" are on the market. Among 



160 Domestic Science 

them may be mentioned ultramarine — ^the artificial, 
not the natm-al, product — ^Prussian blue, indigo, and 
blues obtained, from amline. The latter are used in 
the hquid form, methylene blue being an example. The 
others are usually put up as soHds. 

The Hquid blues of the aniline series combine with 
cellulose — ^the chemical name for the cotton and hnen 
fibres — ^and their use is not recommended from this 
standpoint. Of the solid blues, Prussian blue contains 
iron, and during use or in later washing some of the 
iron may be deposited as the familiar "iron-mould". 
Indigo is said to leave a greenish tinge after use, and 
the best results may in general be obtained with 
ultramarine. 

Experiment 88. Test the suitability for laundry 
purposes of as many different specimens of' blues as 
can be obtained by the following method : 

Make a "blueing- water" of about the depth of 
tint generally used in the laundry. Half fill each of 
4 test-tubes with this liquid. 

(a) Pour the contents of one test-tube through 
a filter-paper, fitted in a glass funnel in the usual way, 
into a clean test-tube. Note whether a residue remains 
upon the paper, or whether the paper is stained where 
wetted, and also examine the depth of tint of the 
filtrate, comparing it with that of the unfiltered liquid 
ia another test-tube. Entire absence of colour denotes 
a blue of which the particles are held in suspension 
and are too coarse for efficient blueing. Partial loss of 
coloiu* shows finer particles in suspension. In this case 
fold two filter-papers separately and insert both in 
a fimnel so that three thicknesses of the upper paper 
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rest T^pon one thickness of the lower and vice versa. 
Filter the liquid a second time through the filter 
thus arranged., It wiU probably be found that the 
filtrate possesses very little colour. 

Should the liquid obtained after the first filtration 
be as strongly coloured as the original liquid, the blue 
is in solution. Examination of the filter-paper will 
usually show staining — evidence that such a blue is of 
the nature of a dye, and is not very suitable for general 
laundry use. 

(6) In the liquid in a second test-tube immerse 
a small piece of cotton fabric which has been recently 
washed in strong soda^ solution and then thoroughly 
rinsed. AUow the cloth to remain in the liquid about 
- a minute. Remove it and squeeze out as much of 
the water as possible. Dry it near a window, hastening 
the drying by -opening it out as fully as possible and 
suspending it over a sand-bath heated by a smaU 
Bunsen flame. 

When quite dry, compare the colour with that 'of 
a piece^ of similar cloth that has not been washed and 
with that of a piece that has been washed with soda 
and ririsedi but not blued. . The nearer the tint of 
the tested portion apptoaches that of the unwashed 
specimen, the better the results that may be expected 
in actual practice.- 

(c) To the contents of another test-tube add 
a,bout 2 c.c. of a solution of washing-soda, containing 
I g. of soda in 100 c.c, and boil the resulting liquid. 
Carefully examine the colour after boiling and note 
whether any residue is deposited on standing. Change 
of tint or the formation of a precipitate indicate blues 
of unsatisfactory character. 

H. D. S. II. 11 
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(d) Treat a fourth sample as in {c), substituting- 
1 per cent solution of caustic soda for the washing-soda 
solution. Examine as before. 

The tests outlined above should each be performed-: 
with samples of all the blues and the results obtained 
in each test compared. From the examination of all 
the results, a general inference may be drawn as to 
the most suitable of the blues for the use of the 
laundress. 

83. Stains due to the presence of vegetable colour- 
ing matter, such as those of writing ink, jam, fruits, 
tea and coffee, may be removed by the cautioits appH- 
cation of a bleaching agent. In the preceding chapter 
it was shown that chlorine is capable of removing the 
colour from vegetable dyes. It may be made use of 
for bleaching stained goods, if care be taken to use 
weak solutions, and the fabric be thoroughly rinsed 
after bleaching is complete; 

ExpBBiMENT 89. Make a strong solution of acetic 
acid by dissolving about 20 g. of the glacial acid in 
100 c.c. of water. To aibout 100 c.c. of water add 
about 5 g. of bleaching powder and boU till the liquid 
acquires a pinkish hue. Cool, add about 50 c.c. of 
water, and stopper well. 

These solutions may be used to remove stains as 
follows : 

Soak the stained portion of the material — say a 
piece of white rag on which a spot of ink has been 
made and allowed to dry thoroughly — ^with the acid 
solution. Remove superfluous moisture with a piece 
of clean blotting-paper and soak well with the bleaching 
solution. Allow the latter to remain in contact with 
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the stain for a couple of minutes aiid then rinse 
thoroughly. If this treatment has not been sufficient 
to bleach the stain completely, repeat the soakings 
until success - is attained. Always rinse carefully in 
several changes of water after using this bleaching 
mixture. 

Grease stains are often troublesome to remove. If 
physical methods — stich as the application of a warm 
flat-iron over the stain, previously covered with a thin 
layer of fuller's earth or t^/^i) or three thicknesses of 
clean blotting-paper— fail to remove it, a solvent should 
be used in the manner directed in par. 76. Petrol, 
benzene and ether are the most efficacious solvents of 
general application. , Great" care must be -exercised in 
their use on account of their great volatiUty and the 
very inflammable character of the Vapours aliising 
from them. It is best in all cases to make use of 
them in the open air^ if possible,, rather than in a closed 
room. Should such a solvent not be available, the 
grease may sometimes be removed by the' application 
of an alkaUne solution. Ammonia solution is preferable 
to the stronger alkalis for this .purpose on account of _ 
its use being attended with less danger to the material 
of the fabric. 

Paint and Vainish stains shotild be treated with 
turpentine or benzene, but, turpentine should not be 
used for delicate fabrics nor for cleaning silk. A mix- . 
ture of two parts of methylated spirit with one part 
benzene is also a good paint remover. In aU cases the 
appUcation of several small successive quantities of 
the cleanser will be found more efficacious than the use 
of large amounts, which may cause the stain to spread 
and render its final removal a very troublesome matter. 
- 11—2. 
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Iron-mould, being, a stain of a basic character, 
requires an acid to be used for its removal. Oxalic 
acid is most suitable for the purpose, and should be 
used warm in a solution of about 10 per cent strength/ 
Repetition of the treatment, followed by thorough 
rinsing, will be necessary for the complete removal of 
strongly coloured stains of this nature. 

84. In the preceding chapter, the bleaching action 
of chlorine was shown to be of the nature of an oxidation. 
In sulphur dioxide solution, or sulphurous acid, -we 
have a bleaching agent, the action of which depends 
upon a reaction of the reverse character. The solution 
may be made by passing sulphur dioxide — the gas 
produced by burning sulphm- — into water or by adding 
to a solution of sodium ' sulphite sufficient sulphuric 
acid to combine with the sodium present. , 

Experiment 90. Dissolve 10 g. of sodium sulphite 
in 100 c.c. of water and add 2 c.c. of strong sulphuric 
acid. Mix thoroughly. Smell the liquid cautiously, 
when the familiar odoilr of burning sulphur will, be noted. 

The bleaching powers of this liquid may be demon- 
strated by dipping a bunch of blue violets or other 
coloured flowers in season into it. The colour of the 
flowers will be rapidly discharged. 

Equatipns : 

(hydrogen sulphite 
(sulphurous acid) 
sodium SI 



Sodium sulphite 

+ 
hydrogen sulphate 



Hydrogen sulphite 

+ 
oxygen 



sodium sulphate. 
■ = hydrogen sulphate. 
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The second equation represents the chemical change 
involved in the bleaching. The oxygen is supplied by 
the colouring matter, ^hich is said to be "reduced", 
and the new product is usually colourless or very 
faintly coloured. - 

The sulphuric acid shown as being produced by 
the jDXidation of the sulphurous acid must be very 
carefully removed Irom any fabric treated by this means, '' 
since, if left in contact with it, and allowed to become 
concentrated during the drying of the material, it will 
soon destroy the fibres completely. Its removal may 
be effected by rinsing in weak sodium carbonate 
solution, followed by thorough rinsing with plain water. 

Experiment 91. The danger attendant upon 
incomplete removal of the sulphuric acid, may be 
illustrated by dropping one drop of the diluted acid 
(one part of strong acid to 20 parts of water) on a 
piece of filter-paper. Dry the wetted portion by 
holding ±he paper over asmaUBunsen flame. A black 
spot will be left as a result. - This consists of the carbon 
contained in' that portion of the paper which was 
wetted with tlie acid. Push the finger gently against 
the spot and it will be found that the 'whole of the 
carbonised portion may readily be removed. 

Similar tests may be performed with small pieces 
of cotton and linen i fabrics. ' . ' 

Sulphuroiis acid is more suitable for use with woollen 
and silk goods than is chlorine, which readily attacks 
these materials. Great care is necessary, however, in 
order to achieve successful-bleachiiig of wool and silk.- 

A method in which alternate oxidation and reduc- 
tion takes places is sometimes of value, especially for 
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bleaching linen; The article to be bleached is first 
steeped in a solution of potassium permanganate of 
about one per cent strength until the stain has assumed 
a deep brown tint. This tint is caused by the deposition 
of manganese hydroxide from the permanganate by the 
action of the stain, which is oxidised by the oxygen 
rendered available at the same time. To remove the 
brown colour, the article may be next steeped in a 
sulphurous acid solution which combines with part 
of the oxygen of the manganese hydroxide, forming 
sulphuric acid, and this latter substance then dissolves 
the lower hydroxide formed, manganese sulphate, which 
in solution is practically, colourless, being produced. 

The place of the sulphurous acid may be taken by 
a solution of oxalic acid or of hydrogen peroxide. 
This latter substance, which is composed of the same 
elements as water, is readily changed into water and 
oxygen. It is itself a valuable bleaching agent, and 
is especially useful in cases where the production of 
strong acid substances, such as sulphuric or hydro- 
chloric acid, cannot be tolerated on account of their 
corrosive effect. It is used in alkaline solution for 
bleaching hair and teeth. For use after potassium 
permanganate solution, it should be acidified with 
a little acetic acid and useid instead of sulphurous acid 
to remove the hydroxide stain, manganese acetate 
being formed in this case. 

As an exercise in the use of bleaching agents, a straw 
hat, which has become brown with agCj^^may be treated. 

Experiment 92. First clean the straw with soap 
and water, to which a little washing-soda has been 
added. Use as little liquid as possible and rinse by 
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repeated wiping •witH a cloth wetted witli water only. 
The straw will probably have gained a deep yellowish 
hue as a result of this treatment. Pour a small.quantity 
of a solution of sulphurous acid over the straw and ' 
allow it to remain until no further bleaching e£Efect 
can be discerned. -Rinse as before. If the hat be 
now carefully dried, preferably in sunlight in the open 
air, the straw~ will have an almost white coloui*. To 
. obtain a purer white, a second bleaching may be 
performed. Make a solution of hydrogen peroxide of 
about "three volume" striength by diluting some ten 
volume solution with twice its bulk of water. PoUr 
a little over the straw and, after it has apparently 
•attained its full effect, rinse and dry as before. The 
straw will have assumed 4 good white appearance, 
unless it was in ^ very bad condition at first. Repetition 
of the treatment will complete the 'bleaching even in 
very bad cases. 

85. The action of alkalis upon the various materials 
used for clothing is of importance. Cotton and linen 
are derived from vegetable sources and consist almost 
entirely of fibres of cellulose, the material of which 
the walls of vegetable cells are composed. This is 
capable of offering considerable resistance to the action 
of alkalis without suffering disintegration. 

Experiment 93, Into a beaker put two pieces of 
cotton and Unen fabrics, italf fill the vessel with 
a solution of caustic soda, containing 10 per cent of 
solid alkali. Heat the liquid to boUing-point, and 
allow boiling to continue for about five minutes. On 
rinsing and examining the materials after this treatment, 
they will be found to be practically unaltered, as far 
as can be discToyered by the naked eye. 
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Wool and silk are of animal origin and are very 
readily attacked' by alkaline solutions, wool being 
especially sensitive. 

Experiment 94. Into a beaker haK full of 10 per 
cent caustic soda solution place pieces of a wooUen 
a,nd a silk fabric. Boil as in the previous experiment. 
It will be found that the woollen material will be 
completely dissolved by this treatment, while the silk 
will also be very considerably aflfected, although 
probably it will not be entirely dissolved. 

Solutions of such strengths as those used above do 
not, of course, find ^ny application in the ordinary 
household washing process. The ^experiments axe only 
intended to illustrate the ejects which may be expected 
if careless addition of alkaline substances be made in 
washing fabrics. The action of washing-soda and borax 
is less pronounced than that of the caustic alkalis, but 
goods washed with their assistance require thorough 
rinsing, or the alkaline liquid left in contact with the 
fabric is concentrated by drying, and ruinous effects 
may foUow, especially if the articles thus treated are 
subsequently heated to a high temperature during the 
process of ironing. 

In general, the use of alkalis is to be deprecated. 
If they are used, washing-soda in small quantities may 
be used for cotton and hnen, while borax has perhaps 
the least harmful effect upon wool and silk. 

Experiment 95. Select two pieces gi the same thin 
wooUen material. Test the action of sodium carbonate 
upon one piece of the material by immersing it in a 
solution containing 1 g. of washing-soda in 100 c.c. of 
water. Boil for five minutes, rinse well, and thoroughly 
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dry. Again immerse in the boiling solution, rinse and 
dry as before. Repeat this process from 10 to 20 times. 
. Treat the other piece similarly, lising a solution of 
borax containing l'2Sg. of the salt in 100 c.c. This 
solution is roughly equivalent chemically to the solution 
of wa/shing-soda used previously. 

; Compare the appearance of the two pieces of 
material after they have undergone the same number 
of treatments in each case. If possible, examine a few 
fibres of the original material, and of each of the two 
pieces dealt with, under the microscope, using a 
magnification of not less than LOO diameters. The 
effects of the repeated treatment with weak alkalis 
upon the material will be thus rendered more clearly 
evident. ^ ^ 

86. The student should ^become familiar with the 
appearance under the microscope of the various fabrics . 
used as clothing materials. Assistance in recognizing 
them may be afforded by examination of the subjoined 
figures but this should in no case be considered as a 
sufficient substitute for actual work with the microscope 
itself. 

Fig. 51 shows the general appearance of a fibre of 
wool when highly magnified. The toothed nature of 
the edge of the fibre should be noted, caused by the 
Overlapping of the fine scales on its surface. The 
"felting" of wool which is rubbed too vigorously when 
washed is duetto the shrinkage of the fibres and to the 
close interlocking of the fibres by their serrated edges. 
(Pelt itself consists of wooUen fibres which have been 
caused to interlock in this way by wetting and beat- 
ing.) In woollen material that has been washed with 
alkaHs, the fibres will be seen to have become partially 
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disintegrated when examined microscopically. (Cf. 
result of Experiment 95.) 




Fig. 51. x320. 





Kg. 52. xl60. 



Pig. 53. xllO. 
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In Fig. 52 the microscopie, appearance of silk fibres 
is illustrated. They present no differentiation of 
structure like that of wool and are finer than wool 
fibres. SUk has a glassy appearance when viewed on 
the stage of a microscope. 

Fig. 53 represents highly magnified cotton fibres! 
They are stouter than sUk and flattened so that they 
appear like small ribbons which have been twisted 
upon themselves. The latter peculiarity renders them 
very readily recognizable. 

Liaen (or flax) fibres differ 
from cotton in being rounded - 
instead of flattened. They 
may be distinguished from 
the rounded fibres of silk by 
presenting longitudinal and: 
transverse markings. The 
latter occur at fairly regular 
intervals and represent the 
limits of the various cells Kg. 54. xlio. 

which go to make up a single 

fibre. Fig. 54 shows some strands of linen strongly 
magnified^ 

, Experiment 96. Examine thrbads of each of the 
above materials under a high po^er of the microscope.. 
The threads should be teased -out with two needles in 
a drop of water on a slide in order to separate the 
individual fibres, and a clean cover glass placed over 
the drop. ^ Make a careful drawing of what is actually 
seen in each Case, without reference to the figures given 
above. Different specimens of the same material will 
be found to vary slightly in appearance when examined 
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in this way, but a little practice should enable a careful 
observer to recognize any given material without 
difficulty. 

Many samples of cloth consist of wool and cotton 
interwoven with one another. As an exercise in the 
work previously done, the following experiment, in 
which the percentage weights of wool and cloth in such 
a material are approximately determined, may be 
performed. 

Experiment 97. Examine pieces of various cloths 
imder the microscope until one is found which affords 
evidence of being composed of wooUen and cotton 
fibres. 

Weigh out about 5g. of the material on a balance 
weighing to 0-01 g. K the fabric is new aad imwashed, 
remove any dressing which may be present as com- 
pletely as possible by repeated wringing -out in cold 
water. Dry the wetted material on a clock-glass or in 
a porcelain dish in a steam or hot-water oven. When 
apparently dry weigh, after cooling, and replace in the 
oven. After 10 minutes, cool and reweigh. If no further 
loss of 'weight is noted, the material may be considered 
as properly dried. Note carefully the weight after the 
removal of the dressing. 

Treat the fabric with 10 per cent soda solution as 
in Experiments 93 and 94. After boUing the solution 
for 5 minutes, pour away the liquid and soak the residue 
of the cloth in successive quantities of cold water, with 
frequent squeezing, until the water no longer turns 
a red litmus paper blue. Remove as much moisture 
as possible by squeezing and then dry the residue 
thoroughly as previously described till of constant 
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weight. The residue is 'of course that portion of the 
. (Qtriginal cloth which was made from isotton fibres. 

The relative percentages of wool and cotton may 
readily be calculated as in the example below. 

• ,' . . ■ " " ■ 

Weight of original sample 5-04 g. 

„ after removing dressing 4-81 g. 

„ of dried residue (cotton) ... ... 1-16 g. 

Hence weight of wool = 4-81 — 1-16 = 3'65 g. 

T> 4. x 1 3-65 X 100 _„ 
Percentage of wool = j-—^ = 76. 

„ „ cotton =; 100 - 76 =24. 

Check the result thus obtained by making a similar 
determination, using ~ another sample of the same 
material. Differences in the result of less than 2 per 
cent may be neglected, but, should greater variations 
be noted, a third and, if necessary, a fourth estimation 
should be 'made. 

87... The treatment of the subject of cleansing and 

• of the aUied matter of bleaching, as given in this 
chapter, is far from exhaustive. Sufficient has probably 
been mentioned to give the thoughtful student hints 
as to the best way of attacking difficulties that may 
crop up in practice and to devise other simple experi- 
ments, upon the lines of those already done j to illustrate 
any part of thfe subject of especial interest. 

The use of many of the substances dealt with in this 
chapter for purposes of disinfection will be j)6stponed 
until a brief outline of the' causes of infection has been 
given later. 



174 ' Domestic Science 



QUESTIONS 

1. What products are formed by boiling fat with caustic soda, 
and how are they separated from one another? ' ^ 

2. What IB the cause of the curd which is formed when soap . 
is used with hard water? 

3. Explain the effect of adding vinegar or other acid to a 
solution of soap. 

4. Give a brief description of the various points involved in 
the explanation of the cleansing action of soap. "^ 

5. What chemical reactions take place during bleaching by 
means of sulphur dioxide, chlorine, and hydrogen peroxide ? Give 
equations. 

6. Describe clearly how you would attemptto remove blackberry 
stains from a child's pinafore. Give reasons for the method of 
treatment adopted. 

7. How may an ink-stain be best removed from a linen coUar ? 

8. Certain forms of soap contam finely divided powders, such 
as sand. Of what value do you consider the addition^ of such 
ingredients, and for what purposes would such a soap be suitable? • 

9. Mention three solvents for grease, and describe how any one 
of them may be made use of for eradicating a gravy stain from 
a woollen skirt. State any precautions you would adopt. 

10. The acid soaps formed in weak soap solutions sometimes 
leave stains in the fabrics washed. Suggest any method of pre- 
venting the formation of such acid soaps. 

11. OutHne the method you would adopt to ascertain the 
suitability for its purpose of a much advertised laundry blue newly - 
put on the market. 

12. A material described as "all wool" is under suspicion on 
account of its cheapness. By what tests may the truthfulness or 
otherwise of its description be determined ? 
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CHAPTER VIII 

starch; its nature and chief derivatives 

88. From the roots, stems, or fruits of many and 
" various plants a white powder may be readily separated 
by the process known as "maceration". This white ,_ 
powder is starch, and the method of obtaining it may 
be illustrated by the following experiment. , 

Experiment 98. Place a few grams of wheaten 
flour in a small porcelain dish. Add imall quantities 
of water from time to time, stirring the mass well 
with a glass rod or spatula after ekch addition. Continue 
this until a "dough" is formed, i.e. till the flour and 
water have formed an intimate ^ mixture which is 
coherent but does not stick to the fingers. Put this 
lump of dough in the centre of a piece qf fine ,musMh. 
Brings the corners of the muslin together around the 
dough, and tie them, securely so as to form a small 
bag. Knead the bag firmly with the fingers under a 
sniall quantity of water in a basin^ The Vater soon 
becomes somewhat milky in appearance. 

After a few minutes pour off; the water into another 
vessel, and further knead the dough with a fresh 
supply of water. When, after ofaanging the water as 
before, the new supply- is not rendered appreciably 
milky by the kneading, this- latter operation may be 
stopped. Pour all ,the water used into one vessel and 
allow it to stand for some time. A white powdfer 
slowly settles on the bottom of the vessel. This powder 
is wheat, starch. When most of the starch has settled, 
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decant away the water, remove the starch to a small 
porcelain diih and dry it carefully in a hot- water oven. 
The starch thus obtained appears to theiiaked eye 
as a white and somewhat irregular solid- lump. This 
lump is readily crushed to a fine powder which usually 
has a somewhat glistening appearance. 




Fig. 65. Wheat starch, x 320. 



To examine further the external characters of this 
powder, the use of a microscope is necessary. 

ExPBEiMENT 99. Put a drop of water on the centre 
of a clean glass slide. Dip the point of a penknife in 
the powdered wheat starch prepared in Experiment 98, 
and touch the water with the knife point. Cover the 
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milky liquid thus produced with a thin glass cover-sKp^ 
Put the slide thus prepared on the stage of a microscope. 
Using an objective of low magnifying power (say the 
one-inch), arrange the sUde so that a group of the small 
particles of starch is focused in the centre of the field 
of view. Now remove the low power objective, and 




' Fig. 56. Eioe starch, -x 320. i 

substitute one with a focal length of |" or Y- Adjust 
the instrument with the face of the objective nearly 
touching the surface of the cover-slip. Slowly raise 
the tubei till the starch particles come into view. 
Focus carefully with the fine adjustment, • and. note 
the peculiar appearance of the exterior of each separate 
granule. (See Fig. 55.) • : 



H. D. S. II. 
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Sin^ilarly examine some laundry starch, of which the 
best is made from rice, some potato starch— obtained: 
by scraping the surface of a freshly out potato, and 
dropping a Uttle of the milky fluid thus fonned on a 
glass sHde— and a saniple of American cornflour, which 
consists ahnost entirely of maize starch. (The general 




Kg. 57. Potato starch, x 250. 

appearance of these starches is indicEited in Figs. 56, 57, 
"and 58.) 

If only a low power objective be available, it is 
useless to attempt to examine the structute of the 
wheat and rice starches, but the granules of the potato 
starch are sufficiently large that a fair idea of their 
appearance may be obtained even with a low power. 
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It will be seen that starch differs completely in 
the structure of its particles from bodies which we have 
previously considered. Its particles are neither crys- 
talline nor amorphous, ^as are the smallest particles 
of such bodies as th,e oxides and salts preyiously dealt 
with. The starch granule has a peculiar "layered" 




Fig. 58, Maize starch.' x 360. 

or "striated" structure, which is probably due to the 
method of its deposition within the tissues of- the 
living plant. 

Starch is prepared on the hianufacturing scale by 
brealdng and briiising starch-containing seeds or roots 
in a large tank through which a constant stream of 
water runs. The starch particles, seittle to the bottom 

12—2 
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of the tank, while the husks and fragments of cellular 
tissue, being less dense, float away in the stream of 
water. 

89. Starch is, chemically, speaking, a very complex 
body. It is, however, a chemical compound, and 
contains three elements only. 

Experiment 1 00. Heat a Uttle starch in a porcelain 
dish over a Bunsen flame. Watch the changes in 
colour produced as the temperature of the starch 
rises. After the heating has continued for some time, 
the starch is blackened or charred; and if the heating 
be sufficiently strong and prolonged, the starch bums 
completely away. 

"Charring" is a sign of the presence of carbon, and 
this element may be shown to be present in many 
substances by means of this very simple test. 

Experiment 101. Repeat Experiment 100, sub- 
stituting the following bodies in turn for the starch: 
(a) a piece of paper ; 
(6) a few bread crumbs ; 
(c) a small piece of wooUen doth | 
{d) a smaU lump of dry cheese. 
From the observations made, determine whether 
these bodies contain carbon or not. 

A more decisive test, and one that is applicable to 
compounds of carbon which do not char on heating, is 
that described in 

Experiment 102. Dry about 5 g. of powdered 
copper oxide by spreading it in a thin layer over the 
bottom of a porcelain dish, and heating it for some 
minutes with a strong Bunsen flame. Put about one- 
twentieth of this dried oxide in a mortar, and thoroughly 
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Fig. 59. 



: mix with it an equal amount of dried powdered starch. 
-Transfer this mixture to the liottom of a small hard 
glass tube. Put the rest of the dried oxides into the 
tube so that it forms a layer above the mixWre. 

Fit this tube with a cork arid bulbed delivery tube 
as in Fig. 59. Place a small quantity of dried powdered 
copper sulphate in the bulb, and allow the end, of the 
delivery tube to dip under 
the -surface- of Hme- water' in , 
the beaker. Heat the tub^ 
with a good Bunsen flame, . 
beginiiing the heating at the r- 
end of the powder nearest | 

. the mouth of the tube, and 
very slowly move the burner 
along till the end of the 
tube containing the starch ^-^ 
is reached. Strongly heat 
this for a few minutes and 
note the, behaviour of the lime-water and of the an- 
hydrous copper sulphate. Examine also the appear- 
ance of the powder at the bottom of the tube. " ■ 
From the observations made it will be evident that 

, carbon ^dioxide and water are produced. Now copper 
oxide contains neither carboii nor hydrogen. Hence the 
carbon and hydrogen required to form the carbon 
dioxide and water respectively must have come from 
the "starch, while the copper oxide supplies some of 
the oxygen required to convert the carbon and hydrogen 
into their oxides as shown by the appearance of reddish- 
brown particles of copper at the bottom of the tube. 

An elaboration of the above method of "com- 
bustion ", as it is termed, with copper oxide, is used in 
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estimating the exact quantities of carbon and hydrogen 
present in bodies containing them. 

The third element which is present in the starch is 
oxygen. No simple test is known, however, by which 
its presence may be directly shown. 

When analysed carefully starch is found to have 
the following percentage composition by weight : 

Per cent 
Carbon ;.. ... ... ... 44-4 

Hydrogen ... ... ... 6*2 

Oxygen ... ... ... ... 49-4 

The ratio of the weight of hydrogen to that of 
oxygen is 6-2: 49-4 or (very nearly) 1:8, and this 
being also the ratio of the weight of hydrogen to that 
of oxygen in water, starch is called a "carbohydrate", 
^ i.e. a complex compound of carbon with hydrogen and 
oxygen, the latter elements being present in the same 
ratio by weight as tha.t in which they combine to form 
water. 

(Note. A carbohydrate is not "a compound of 
carbon and water ".) 

Many other bodies besides starch contain carbon 
combined with hydrogen and oxygen, the last-named 
elements Tjeing m-esent in the ratio 1 : 8 by weight, 
and these are all classed as carbohydrates. Some of 
the more important" members of this class will be 
dealt with at a later stage. 

90. We wiU next examine ^he properties of -starch- 
more fuUy. 

Experiment 103. Make a weak solution of iodine 
by putting two or three small crystalline flakes of 
iodine and a crystal of potassium iodide into a test- 
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) tube half filled with water and shaking the hquid till, 
the iodine has all dissolved., (The potassium iodide 
is used in order to make the iodine dissolve more readily 
and takes no recognizable part in the reactions which 
are to be performed with the iodine solution.) The' 
colbur of the solution obtained should be a pale brown, ^ 
like that of rather weak tea. If it is darker than this, 
add more water. Preserve this solution for future use. 
Pour a drop of iodijae solution on some dry starch 
powder contained in a small porcelain dish. Note the 
bluishr stain which is produced. This formation of a 
blue substance with iodine^olution is the most delicate 
and; characteristic test for starch. The composition of 
the hliie compound is' not kiiowh With certainty, but 
it is frequently spoken of as "iodide of starch". 

Experiment 104-. Put a little powdered starch 
with some cold waller in a test-tube, and shake the 
tube vigorously for about^ a minute. Filter the liquid 
to remove suspended statfrh particles. Pour into the 
filtrate,"which should be quite clear, a, few drops of 
the iodine' solution made- in the last experiment, and 
note any colorat^Gh which may be produced. 

' Experiment 105. _Gri'nd about 2 g. of starch with 
a little water in a mortar till a thin paste is formed. 
Boil about 150 c.c. of water in a beaker, and pour the 
paste into the boiling water, stirring well all the time. 
AllpW the water ^o continue boiling for about a minute, 
and note the character of the liquid obtained. This 
liquid-is usi^Uy termed "starch pg,ste". . Keep it for 

- use in further experiments. 

Fill a testrtube one-third full with the starch pasts', 

: just made. Cool the liquid by holding the closed end 
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of the tube under a stream of water from the tap. 
When cold, pour in a few drops of iodine solution. 
Observe the coloration produced. Wann this liquid, 
noting any change of colour that occurs. When it. 
reaches boiling-point, stop the heating and again cool 
the tube and contents with water from the tap.- 

From Experiment 104 it is clear that, since no blue 
coloration is obtained on adding the iodine solution, 
starch does npt dissolve in cold water. On the other 
hand, from the production of the blue colour in 
Experiment 105, it would appear to Ao so in hot water. 
In the latter case, however, the reaction is "not of so 
simple a character as that involved in dissolving such 
a substance as salt in water. The starch granules 
have an outer, envelope ("starch-cellulose") which 
contains a jeUy-hke substance ("granulose"). Cold 
water does not affect either portion of the granule, 
but when the starch is treated with hot water, the 
granules swell ,up, the envelopes burst, and the contents 
are disseininated imiformly throughout the- liquid, 
forming, according to the quantity of starch contained, 
a jelly-like soHd or opalescent liquid, which holds in 
suspension the fragments of the burst envelopes. 

Experiment 106. Put a drop of the starch paste 
made in the last experiment on a glass slide, and cover 
it with a cover-sHp. Examine this slide with the 
microscope, using a high power objective, and compare 
the appearance of the preparation with that of the 
undissolved starch seen in Experiment 99. 

Experiment 107. Plunge red and blue Utmus 
papers separately into some starch paste. 

Since no change of colourls to be noted in either case, 
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starch paste is neither acid nor alkaline, but neujfcral in 
character. 

Experiment 108. Make another beaker of starch 
paste by the method of Experiment 105, using about 
10 g. of starch, and about. the same volume of water 
as was used in that experiment. Allow the Mquid td 
cool and examine its nature when cold. 

The jeUy-like character of ' the substance exuded 
from the starch-sacs under the influence of hot water is 
weH shown by this experiment. 

91. Starch may readily be transformed into other 
bodies of less complex composition and possessing 
properties' quite distinct from ^those - of the parent 
substance. ' . 

ExPEKiMENT 109. To about 50 c.c. of the starch 
paste made in Experiment 105, add s about 1 c.c. of 
dilute sulphmric' acid, containing one part of, acid to 
four of., water. 

(Note. Dilute nitric or dilute hydrochloric, acid 
may ^ be substituted for the sulphuric acid without 
affecting the final result of the experiment.) 

Warm this mixture nearly to boihng -point in the 
water-bath. From time to time remove a few drops' 
with a pipette or a. piece of glass-tubing and test each 
sample thus taken,-after cooling, with iodine solution. 
When the liquid gives no blue coloration,/ but only 
a reddish-browii, remove a larger sample and allow 
it to drop into some alcohol (strong spirit of wine) in a 
small beaker. Keep the remainder of the liquid for 
Experiment 111. 

The white flocculent precipitate which separates 
out in the beaker is known as "dextrin" or "British 
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gum". This body may also be formed from starch, 
by the action of heat alone at a temperature of 'About 
150° C, but the time required to effect th& change 
is much longer than in the experiment just performed'. 
When obtained by this latter method it is -usually of 
a light cream-yeUow colour. When bread is baked, 
some of the starch in the crust of the loaf is tlius 
changed by the heat into dextrin. 

Experiment 1 10. Put a little dextrin in a test-tube 
and shake it up with some water. It will be found 
that it differs from starch in being soluble to a con- 
siderable extent in cold water. The solution formed 
is sticky to the touch. . Hence the name " British gum " 
is applied to coiinmercial dextrin. Test the action of 
iodine solution on a little of the solution of dextrin. 

Dextrin solution is sold for use as, an adhesive, and 
is very commonly used as;a backing for postage stamps 
and labels. ^ 

' Although dextrin differs so considerably in its pro- - 
pertigs from starch, analysis shows that the former has 
the same percentage composition as the latter body. 
It is consequently a carbohydrate, but is probably less- 
complex in internal chemical structure than is starch.. 

Experiment 111. Heat the remainder of the Uquid 
prepared in Experiment 109 in the water-bath nearly 
td boiling-point for 15 to 20 minutes. Remove a sample, 
and test it with iodine solution. 

It win most probably not give the reaction for 
either starch or dextrin. . Should it, however, db so,, 
heat again for five minutes and once more test with 
iodine solution. Repeat this heating and testing till 
no distinctive coloration is obtained but only the 
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pale yellow due to the colour of the iodine solution 
itself. 

The liquid now contains a second new substance 
, produced by further action of the acid on the starch. 
To determine more exactly- the nature of this change, 
let us try 

ExpERiMEiirT 112. One-third fill a test-tube with 
the starch paste made in Experiment 105. Put an 
equal quantity of the liquid formed in the last experi- 
ment into another test-tube. To each add about 1 c.c. 
of strong caustic soda (or potash) solution, and about 
.five drops of a solution of copper sulphate. Warm 
the- 'Contents of each tube, after shaking- well,, with 
a Bunsen flame. No special change will be noted in 
-the appearance of the liquid containing the starch 
jpaste, but, in the other test-tube a- precipitate readily 
forms. This . precipitate consists of a mixture of 
cuprous hydroxide, which is yellow in colour, with 
cuprous oxide, which is red, the proportions of these, 
aiid hence' the colour of the precipitate produced, 
varying with the strengths of the various, sqliitions used, 
and the time during which they are heated- together. 

The copper sulphate, is said to be reduced, because 
the copper in it is, changed from a higher state of 
oxidation to a lower. (See Chapter vn.) The pro- 
duction of this precipitate is due to the presence pi a 
body termed "glucose '*, which is, like starch, a carbo- 
hydrate, but has the following composition by weight : 

Per.cent 

Carbon .:. ... 40-00 

Hydrogen ... ... ... 6-67 

Oxygen ... ..V 53-33 
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The percentage of carbon is lower than in starch, 
but the ratio of the weight of hydrogen to that of 
oxygen is still 1:8. 

The change which occurs to the starch may be 
- briefly represented thus : 

Starch + water = glucose, 

i.e. starch, when heated with dilute acids, combines 
with the elements of water to form glucose. The acid 
greatly assists the rate at which this reaction occurs, 
but does not enter into the composition of the resulting 
product. (Compare the action of manganese dioxide 
as described in Part I, Chapter xv.) 

(Note. Instead of caustic soda and copper sulphate 
solutions, "Fehling's solution" may be used. This is 
made by iidding tartaric acid or, better, Rochelle salt, 
i.e. sodium potassium tartrate, to copper sulphate 
solution and then caustic soda till the solution has 
a clear blue colour. It gives the best results when 
freshly made.) 

If for the dilute acid of Experiment 109 extract 
of malt (made by crushing some malted barley with 
water) be substituted, the. starch j)aste wiU" quickly 
.become more Umpid, and a similar series of changes 
will occur. Dextrin is first formed, and is then con- 
verted into "maltose", a substance which resembles 
glucose in that it is a carbohydrate, and is capable of 
reducing alkaline copper solutions. Its percentage 
composition by weight is however: 

, Per cent 

Carbon ... 42-1 

Hydrogen ... 6-43 

Oxygen 51-47 
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Maltose and glucose will be further dealt with in 
the ijext chapter. 

- 92. The properties of starch have been rather fully 
considered in 1;he foregoing pages on account of the 
great importance of this substance as an article of 
diet. Much of our vegetable food consists of starch. 
The cereals, e.g. wheat, barley, rye, oats, maize, rice, 
and legumes, e.g. beans, peas, lentils, contain starch in 
amoimts varying from 50 to nearly 90 per cent of their 
total weights. Potatoes also yield large quantities of 
starch. Many of the substances used in making 
puddings are simply prepared forms of starch, and 
may indeed be looked upon as almost pure starches, 
since the only other important constituent of most 
of 'them is water. Arrowroot, sago, . tapioca, _ and 
cornflour (which may be either maize or rice starch) 
are examples of such prepared starches. It is easy to 
test these bodies by means of the "iodide of starch", 
test. It is sufficient in most cases merely to drop the 
solution of iodine on the substance to be tested for 
starch, although thq test is more dehcate, and the 
colour produced much finer, whenthe starch is- in the 
form of starch paste. The latter should ijot contain 
much of the starch. 

For further information on the question of starch 
as an article of diet see Chapter xi. 



QUESTIONS 

; 1. Describe exactly what you understand by the term "earboi- 
hydrate"., Name three substances belonging to this class. 

2. Filter-paper consists of nearly pure "cellulose ', which is a 
carbohydrate having the same percentage composition as starch. 
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How would you show that this substance contains both carbon and 
hydrogeai ? 

3. Describe three chemical reactions by means of which you^ 
could show that a given white powder was starch. 

4. By what experiments would you endeavour to show that 
the starches prepared from rice, maize, and potatoes are essentially 
one and the same chemical substance? 

6. A white powder is stated to be a mixture of starcn&jjd salt. 
What tests would you employ to verify the presence of eacm^ 
these substances in the powder, and how would you obtain a pur?' 
dry sample of each substance from the mixture? 

, 6. What weight of carbon is contained in 28 lb. of starch ? If all 
the hydrogen and oxygen in that weight of starch could be removed 
from it in the form of water, how many pints of that liquid would 
be obtained? 

7. A pale bluish- white powder answers to the following tests : 
(a) When dissolved in water it forms a green solution. 
(6) When a few drops of this solution are heated with some 

maltose solution and a little caustic soda solution a 
reddish precipitate forms. 
Nairie the powder. 



CHAPTER IX 

THE STJGABS 

93. To the group of carbohydrates belongs a series 
of compounds known as " the sugars ", in that many of 
them resemble ordinary sugar (cane sugar) in being 
more or less sweet to the taste. Two members of 
this series have already been mentioned. Glucose 
(de?;trose, or grape sugar) was shown to be formed by 
the action of a dilute mineral acid on starch, and 
large quantities of glucose are manufactured by this 
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method for . use ih brewing and other industries. In 
conjunction with another sugar, laevulose (fruit sugar), 
it occurs in many fruits, especially grapes. The small 
sugary particles found in raisins and other dried fruits 
consist essentially of glucose. The small sohd particles 
found in hpney are small crystals of glucose. ' 

Experiment 113. Put a small quantity of honey in 
a beaker. Add about J}wice its bulk of spirit of wine, 
and stir the mixture thoroughly for about two minutes. 
Carefully pour away the spirit, which contains in 
solution the more readily soluble syrupy portions of 
the honey. ' Small . crystals of glucose, which is not 
very soluble in alcohol, wiU remain. Dissolve these 
in water and test the solution for glucose by the 
method, of Experiment 112. 

Maltose is also made on the large scale in the process 
of brewing by the action of a body called diastase 
found in -the malted gram, which is said to be' capable 
of converting about 2000 times its own weight of 
starch into maltose. ^ . 

94. Two other sugars call for spedal attention, 
namely, cane sugar (sucrose, or saccharose) — obtained 
by expressing the juices frbm the stem of the sugar-cane 
or -the root of the beet, clarifying the Hiq[ui(l thus 
obtained by filtration through animal charcoal, and 
allowing it to . crystaUise — and milk-sugar (lactose) — 
produced when the whey of milk is evaporated. Both 
these sugars have the same percentage composition as 
maltose (see Chapter vnt), but differ in properties 
from that sugar, and from each other.. 

Experiment 114. '^ Taste specimens of cane and 
grape ^ugars, and note the difference in sweetness. 
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Cane sugar is usually considered to be much sweeter 
than the other. 

Experiment 115. - One-third fill a beaker with 
water, and heat the liquid to boiling-point. Drop in 
crystals of cane sugar till no more will dissolve, and' 
then withdraw the source of heat. Note the quantity 
of sugar required to saturate the water and the nature 
of the solution produced. Keep this solution. 

Repeat this experimeiit with glucose, and compare 
the quantities of cane and grape sugar required to 
saturate the same quantity of water. 

ExPEBmENT 116. Test the solutions of cane and 
grape sugar made in the last experiment with red anS 
blue htmus solutions. Like starch, these sugara will 
be found to possess neither acid nor alkaline reaction 
when in solution. - 

Cane sugar crystaUises out from strong solutions in 
large hard clear crystals, which are known as sugar- 
candy. To obtain specimens of these crystals, perform 
the following experiment. 

Experiment 117. Make 
sugar solution as in Experi- 
ment 115. Tie a short length 
of fine string to the middle 
of a glass rod, and suspend 
the string in the hot solution. 
(See Fig. 60.) Allow the solu- 
tion to cool down slowly, and 
note . the character of the 
crystals which form on the 
string. - 

Wheto cane sugar is carefully heated, either alone, 
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or with a little water, a non-crystalline glassy 'substance 
.known as "barley-sugar" is obtained. 

ExpEBiMENT 118. Half fill i, porcelain dish with 
crystals of cane sugar, ,ai}d add sufficient water to wet 
the crystals. Pour off any excess of water, and then 
heat the dish and its contents in a hot-air oven, the 
temperature of which is kept at from 150° to 160° C. 
When the sugar has melted, remove it from the oven 
and allow it to cool. ' Exaniine the nature of the sub- 
stance obtained, and compare it with the sugar-candy 
made in the last experiment. Keep this barley-sugar, 
and note that after a time it becomes much less trans- 
parent. This is due to the formation of small crystals, 
the vitreous (glassy) modification oi_ cane sugar not 
being a completely, stable form. ' 

Further careful heating results in the formation of 
burnt sugar or "caramel", which is used as a colouring 
matter for alcoholic liquors, ^duces, and gravies. 

Experiment 11'9. Heat ^ome cane sugar carefully 
in a small porcelain dish over a Bunsenflame, continuing 
theheating beyond the melting-point. Note the change 
in . colour that occurs, and . the characteristic smell 
which is produced. . The dark-brown sticky substance 
thus formed is caramel. Remove a portion for the 
next experiment. Heat the remainder strongly, and 
compare the behaviour of the strongly heated sugar 
with that of the starch in Experiment 100. Repeat 
thig test with glucose in place of cane sugar. 

, It is probable that the brown exterior of weU-taaked or 

■ toasted bread consists partly of a substance resembling 

caramel to some extent, which has been produced by 

the action of heat on the starch in the flour (cp. p. 186). 

H. D. S. II. 13 
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Experiment 120. Dissolve a little of the caramel 
produced in the last experiment in some ^jrabtei in a 
test-tube. Toast a piece of bread tiU nearly black. 
Scrape off the outer portions, and shake the scrapings 
vigorously with a little water in another test-tube. 
Compare the appearance and taste of the two liquids 
thus obtained. 

These brown solutions may be decolorised by the 
action of animal charcoal as described in Chapter v. 
Experiment 46. The crude su^ar solutions expressed 
from the cane or the beet are of a brown colour, and 
are similarly decolorised by passage through filters of 
animal charcoal. 

, ExPEEiMEJiTT 121. Repeat Experiment 102, using 
(a^ cane sugar^ (6) grape sugar, .instead of the starch. 

Indications similar to those noted when starch was 
used ■will be obtainedj 

Experiment 122. Dilute a little of the cane sugar 
solution made in Experiment 115 with a considerable 
quantity of water. Test the action of this solution on ■ 
an alkaline copper solution when boUed with the latter 
(a) for half a minute, (b) for several minutes, and 
compare your observations with those made in Experi- 
ment 112. 

Experiment 123. To about 5 c.c. of the strong 
cane sugar solution of Experiment 115, add 100 c.c. of 
water, and about 2 c.c. of diluted sulphuric (or nitric 
or hydrochloric) acid. Heat the liquid for about half- 
ah-hoiir in a flask fitted with* an inverted condenser as 
in Fig. 61. By this arrangement, the steam produced 
is condensed, and drops back into the flask instead 
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of escaping into the open air and thus causing the bulk 
of the solution to decrease. 

(Note. Instead of the Liebig condenser shown, a 
long straight glass tube may be passed through the 



A/ 



i 



13= 




Kg. 61. 

cork. This will npt serve as weU as the condenser, 
but will prevent some loss. Or the flask may be 
inserted in the water-bath in which its temperature 
will never reach the point at which vigorous ebullition, 
and conseqtuent serious loss of liquid, will occur.) 

13—^ 
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At the end ofi half-an-hour, remove a sample of 
the liquid from the flask, add caustic soda to^this 
sample till it is distinctly alkaline, and then pour in 
a. few drops of copper sulphate solution. On heating 
this mixture, a red precipitate of cuprous oxide mil be 
obtained, showing the presence of a substance (or it 
may be substances) which behaves similarly in this 
respect to glucose. The reaction which occurs is of 
similar nature to that which takes place when starch 
is heated with a dilute acid, and may be briefly expressed 
thus : -^ 

Sucrose + water = dextrose + laevulose. 

Equal quantities of the two latter sugars are produced. 
95. Should a sufiicient supply of lactose and 
maltose be available, the student should repeat Ex- 
periments 114, 115, 116, 119, 121, and 122, using 
these sugars instead of the cane or grape sugar. 

It will be found that dextrose,' lactose, and maltose 
all reduce FehUng's solution. To distinguish glucose 
s from the others, the following test may be 'performed. 

' ExpBBiMENT 124. Add 1 c.c. of glacial acetic acid 

to 100 c.c. of distilled water. In this weak solution 

of \ acetic acid, dissolve 4 or 5 grams of copper 

^ aceifeate., The liquid reagent thus formed is known as 

"Barfoed's solution". 

To a small quantity of this reagent add a few drops 
of glucose solution. Boil the mixture. A red pre- 
cipitate of cuprous oxide wiU be obtained. 

Repeat this test with solutions of lactose and 
maltose respectively. It will be f oxmd that no reduction 
occurs in either case. 

The reducing action of glucose may be further 
illustrated by the following interesting experiment. 
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Experiment 125. Fill a well-cleaned test-tube 
one-third full of distilled water. Add about six drops 
of ainmpnia solution, and then^ drop 
by drop, a weak solution of silver 
nitrate, till the last drop produces 
a faint precipitate which does not, 
disappear on shaking. Next add a 
Jew drops of glucose solution. Place 
the test-tube in a beaker of water, 
(see Kg. 62) and heat the beaker tUl 
the water boils. If the directions 
given are carefully qamed put, a 
brilliant deposit of metallic silver 
■vyill be formed on the inside of the . 
test-tube. The glucose has reduced 
the silver nitrate in the solution to • 
metalhc silver. - 

96, The results of all the above experiments,; 
together with those obtained with starch and dextrin, 
should be tabulated carefully. A suggested .form for 
this' table is shown on the following page^ 'The. per- 
centage composition of each compound should be shown 
in the table for purposes of comparison. 

97. In the preceding chapter it was mentioned that 
.starch was a very important foodstuff. It ' is rarely 
used as such, however, in the raw state, bfeing'then 
IsotJa practically indigestible and somewhat, unpalatable; ■. 




Fig. 62. 



Experiment 126. .Tie tightly over thei mouth of 
a thistie f unnel^ a sh'eetof parchment paper.- Into -the 
funnel infetoduce by means of a pipette eri^ugh starch 
paste to fill the head of the funnel and a siiort portion 
of the neck. Iminerse the funnel, head downwards, 



198 



Domestic Science' 



in a vessel containing pure water, in the manner shown 
in Fig. 63. Allow the apparatus to stand for three hours. 
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Fit up a similar piece of apparatus, replacing the 
starch solution by one of glucose or by weak starch 
paste to which a few drops of extract of malt have 
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been added. Allow this to stand for tlie same time as 
the first. 

Note any alterations ' 
which occur in the levels 
of the solutions Inside, the 
thistle funnels. After stand- 
ing, remove a sample of 
each Hquid f rpm the vessels 
which originally contained 
pure water,- Test the sample 
in which the starch paste 
has been suspended with 
iodine solution, arid try the 
effect of the sample from 
the other vessel on Fehling's 
solution. 

(Parchment paper suit^ 
able for the above experi- 
ment may be made as 
foUows: , , 

Immerse a large cl/riecL 
filter-paper for 20 seconds 
in some cold sulphuric acid 
(two volumes of acid to one 
of water). Remove the 
paper, place it quickly in 
-a large yessel of water, and after a few seconds transfer 
it to another vessel containing a weak solution of 
ammonia, moving it about in the latter for half -a-minute. 
Dry carefully in the hot-air oven.) 

It will be found that the starch does not pass 
thtough the parchment membrane into the water, 
while the sugar, does So comparatively readily. This 
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process is known as "dialysis" and the apparatus used 
in the above experiment is a simple form of "dialyser". 
Bodies which, when in solution, readily pass through 
siich membranes as parchment paper are termed 
"crystalloids", while those to which such membranes 
are almost entirely impermeable are called "colloids". 
The membranes themselves are of a colloidal nature. 

During the course of digestion, the various food 
substances, in order to be of value as food, must be 
capable of absorption by the cells lining the alimentary 
tract. These cells, which vary in character in different 
regions, are joined to form the lining membranes ajid, 
Hke the parchment paper, are not readily permeable 
by colloids. Much of our vegetable food, however, 
consists of starch, and this is a typical colloid. To 
change this to a sugar, and. hence to render it of use 
as food, is a function 6f certain bodies found in the 
digestive juices. These bodies are members of the 
class of substances termed "ferments'.'. In general, 
a ferment may be said to be a very complex substance, 
a small quantity of which is capable of effecting the 
chemical transformation of a relatively large quantity 
of some other substance into bodies of a simpler nature. 
The action on starch of one such ferment, diastase, has 
already been mentioned. Certain ferments found in the 
digestive juices, e.g. ptyalin in the saliva, and amylopsjn 
in the pancreatic juice, are capable of acting, on starch 
in a similar f ashien to that of diastase. In order that , 
the starch may be readily transformed, it should first be 
cooked, i.e. made into starch paste, although uncooked 
starch is a^ted hpon to some extent by the stronger 
ferments, such as amylopsin. The following experiment 
illustrates the action of a body -ferment on starch. 
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Experiment 127. Make a little starch paste as in 
Experiment 105, and boil it for about five minutes. 
Put into each of two "test-tubes a small quantity of 
this starch paste, and into a third about half a gram 
-of dry starch together with a little cold water. To the 
third and to one of th,e other test-tubes add about 1 c.c. 
of saliva direct froni the mouth, while to the remaining 
tube add an equal bulk of saliva which has been weU 
boiled- , (To increase the flow of saUva, the vapour of 
acetic acid may be gently inhaled through the mouth.) 
Put all three test-tubes into the same vessel of water 
(see Fig. 62) and heat the water to a temperature of 
about 37° C., i.e. to about the usual body-temperature. 
At intervals of five minutes, test small samples taken 
from the liquid in each test-tube with iodine solution. 
The liquid contaiiiing the boiled saliva gives the blue 
colour of , iodide of starch repeatedly, while that 
containing the unboiled saliva and starch paste soon 
Ipses its power of reacting with the iodine solution. 
When this last liquid has quite ceased to react, add 
to it about 2 c.c;, of caustic soda^olution 'and five 
drops of a. solution of copper sulphate. Boil the 
resulting liquid. A red precipitate indicates that , 
maltose has been formed by, the action of the ptyalin 
in the saliva upon the cooked starch. 

Boiling the saUva destroys the ptyalin and hence 
the boiled saliva does not e'ffect the change of the 
starch into maltose. The unqooked sta-rch is unaffected 
by the sa,liva, and hence the liquid in this case gives 
no reaction with either iodine solution or an alkahne 
copper solutipn. 
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QUESTIONS 

1. Why is it a matter of iinportance that starchy foods should 
be well cooked? 

2. A white powder is supplied to you. What tests would you 
employ in order to find out whether it was starch, cane sugar, or 
grape sugar, and what would be the result of each test you mention 
on each of these three substances ? 

3. What is "dialysis"? Describe a simple form of dialyser, 
and how it should be used in order to discover whether dextrin is 
a colloid or a crystalloid. 

, 4. By analysis a certain substance is shown to contain 3-00 g. 
of carbon combined with 0-46 g. of hydrogen and 3-66 g. of 
oxygen.. Name all the substances you know which have this 
composition, and suggest tests whereby the probable nature of 
the substance analysed may be discovered. 

5. A liquid gives- a blue colour with iodine solution, reduces 
Fehling's solution, and possesses very little taste. What substances 
would you suspect to be present in the Uquid? How would yon 
proceed in order to verify yoiir suspicion? 

6. Describe an experimental method of determining the com- 
paratiye solubilities of maltose and lactose in water at 15° C. 

7. You are supplied with a liquid which you are told consists 
of 100 c.c. of water in which a known weight of cane sugar has been 
dissolved by, shaking, without the apphcation of heat. Devise two 
distinct methods of discovering the weight of sugar which has been 
added to the water. 
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CHAPTER X 

FEBMENTATION. ALCOHOL AND THE 
VEGETABLE ACIDS 

98. Among the earliest of chemical discoveries was 
the fact that, if a solution of honey or other sweet 
liquid were allowed td stand for some days in the open 
air, the character of the Hqtiid^ was greatly changed. 
It frothed to some extent, lost its sweet taste- and 
gained .intoxicating properties. At a later date, it was 
found that the addition of certain substances to the 
solution had the effect of- hastening the change very 
considerably,, the most prominent among these bodies 
being yeast. This and most of the other substances 
used to hasten the change belong to the lowly class of 
plants called "Fungi", and are among- its simplest 
■members. The action brought about by them is termed 
fermentation, and the plants themselves were formerly 
called ferments. This latter -term is now more generally 
applied to certain highly complex substances contained 
in the cells of the plants and_in the cells of animals and 
obtainable from them by special means. The modem 
name "enzyme" is also applied tp these bodies. 

Experiment 128. Dissolve about 50 g. of ' com-' 
fflercial glucose in 250 c.c. of water. (If glucose is not 
a;yailable, dissolve the same weight of brown sugar in 
the same Volume of water, add a httle sulphuric 
acid and boil as described in Experiment 123.) Break 
up aljout 20 g. of pressed yeast in a little water and 
add to the sugar solution. Keep the mixture in a la,rge 
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flask in a warm place for two or three days. The 
temperature should be maintained at 25°— 30° C. if 
possible. The flask should not be corked. It may be 
fitted with a glass deUvery-tube bent twice at right 
angles (see Fig. 64), the lower end of the tube being 
dipped into a little lime-water in a beaker. Fermenta- 
tion soon starts and a gas is produced, as shown by 




Kg. 64. 



the frothing of the solution and the escape of bubbles 
through the lime-water. The latter becomes turbid: 
after a time, showing that the gas evolved is carbon 
dioxide. When no further bubbling occurs, filter the 
contents of the flask into a second flask and attach 
the latter to a Liebig condenser. Carefully heat the 
flask and collect about 60 c.c. of the distillate. Place 
this in a smaller flask, fitted with a side-tube leading 
to a conden^r. Fit a bored cork to the neck of this 
flask and fix a thermometer through the Cork so that 
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the bulb is ._ opposite the opening of, the side-tube. 
(See Fig. 65.) Distil slowly and note the temperature 
at which distillation commences. CqUect the distillate 
in a small flask and continue the operation until the 
temperature has risen about 5° above that at which 
the first drops passed over. 

Smell the Mquid obtained as the result of the second 
distillation. It wiU be found to have a somewhat 




Fig. 65. 

peculiar odour, in which it may be possible to distinguish 
a slight resemblance to spirit of wine. Taste a drop 
of the distillate. The taste is of a somewhat burning 
character. 

Place_ half the distillate in a small flask, fltted with 
an upright air-condenser (Experiment 123). Apply 
gentle heat a;nd, as soon as ebullition starts, put a hghted 
taper to the top of the glass tube. 'The vapour will 
bum with a pale faintly luminous flame. 



206 Domestic Science 

Pour the remainder into a clean porcelain dish aiid 
add two or three small crystals of iodine. Stir until 
the iodine has dissolved. ■ Add, drop by drop, caustic 
potash or soda, stirring after each addition, until the 
yellow coloTU' of the liquid is just discharged. AUow the 
contents of the dish to stand for some time. A yeUow 
powder slowly forms and settles on the bottom of 
the dish. Carefully pour away the supernatant liquid 
and smeU the precipitate. The odour of iodoform — a, 
common antiseptic used in surgical cases — ^wUl be 
eS/Sily recognised. 

The results obtained in testing the distillate show 
that it contains alcohol. It is, in fact, a weak solution 
of alcohol in water. The yeast has the power of 
absorbing the sugar solution and an enzyme, known 
as zymase, contained in the cells brings about the 
change of the sugar inta carbon dioxide and alcohol. 
The change may be represented thus: 

Glucose = ethyl alcohol + carbon dioxide. 

We know little about the exact means whereby 
the zymase is able to effect this change. It has been 
foimd that the actual presence of living yeast is not 
necessary for alcoholic fermentation to occur. The 
ferment zymase has been separated from the yeast 
by grinding up the cells with fiile sand and water, and 
filtering the resulting mass under pressure. The 
filtrate is capable of producing all the phenomena of 
fermentation. It has even been shown that there are 
two parts to the filtrate, one being termed zymase 
proper and the other its co-enzjrme. Neither alone 
can start fermentation, but a mixture of the two 
reacts at once. 
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" ExpBEiMENT 129. With a pair of needles .mounted 
in wooden handles tease out a little yeast in a drop 
of water upon a microscope slide. Examination under 
a fairly high power of the instrument wiU show that 
the plant .consists of large numbers of small cells, 
roughly spherical in shape. Some of these may be 
seen arranged in chains, which maybe single orbranche^. 
Fig. !66 is a reproduction of a micro-photograph of a 
typical sample of yeast. 




Kg. 66. x750. 

The plant ■ reproduces itself almost entirely by the 
process terme'd "budding". A large parent cell de- 
velops a s^eUing at one part, which slowly becomes 
separated by a l«yer of the ceU-waU, forming a complete 
separate cell. This may remain in contact with its 
parent, or may break away and begin life on its own 
account. The chains of cells sometimes seen are formed 
by cells remaining in contact long enough for the younger 
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cells themselves to undergo budding. Pig. 67 shows 
such a chain. The growth and reproduction of yeast 
depend upon the presence of suitable nitrogenous 
substances in the media upon which it acts. Such 
substances are always present in liquids used for brewing, 
and in dough as used for bread-making. 




Fig. 67; X 660. 

Yeast belongs to the family of fungi known as 
Saccha/romycetes, and the common species used ia 
England is Saccharomyces cerevisiae. 

99. Yeast is an agent of great value in brewing. 
Beer, ale, stout and porter are fermented drinks 
produced by the action of yeast Tipon malted barley 
steeped in water. Malt contains the enzypie diastase, 
which, under the influence of warmth and moisture, 
is able to change the starch of barley into the sugar 
maltose. Maltose is convertible into glucose by the 
action of maltase, another enzyme, contained in yeast, 
and finally glucose is changed into alcohol and carbon 
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dioxide by zymase, as described above. , The nature of 
the finished product depends upon a number of factors 
more or less under the control of the maltster and 
brewer, such as the teinperature and duration of 
malting, the quantity of added hops, starch, sugar, 
and the like, liquids of different flavour and appearance 
being thus obtained. 







g. 68. X 750, 



The various wines are prepared from gqapes. The 
addition of yeast is unnecessary, since the skins 
of the grapes usually provide sufficient cells of the 
fungus known as Saccharomyces ellipsoideus (see Fig. 68), 
which is capable of causing -the fermentation of the 
grape sugar, expressed from the grapes in the preliminary 
process of wine-making. No bitter principle similar 
to that contained in hbps is added to wine, and the 

H. D,: S. II. ' -- 14 
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liquid obtained by pressing — the "must" — is not boiled 
as is the barley wort in brewing. 

The percentage of alcohol in a liqupr obtained as 
the result of fermentation only is comparatively small, 
ranging from less than 3 per cent in some lager beers 
to about, 14 per cent in the strongest natural wines. 
Wines containing more alcohol than this have been 
"fortified" by the addition of raw spirit. 

100. Beverages containing a much higher proportion 
\oi alcohol are prepared by distUlation of fermented 
hquors. Thus brandy is made from grape- juice (or 
should be so made), whisky from fermented barley 
mash or from other grains, rum from fermented 
molasses, and gin from unmalted grain. The pro- 
portion of alcohol in these beverages is very high, the 
undiluted liquids containing from 45 to 85 per ceiit. 
They are in fact strong solutions of alcohol in water. 
Their varying flavours are derived either from bodies 
naturally present in the original distillate or produced 
therein by secondary changes which occur while the 
spirit is maturing, or by the addition of certain essential 
oils to the spirit after, distillation. Gin, for instance, 
owes its flavour largely to added oil of juniper. -; 

Ethyl alcohol is prepared in laq-ge quantities for 
use in the arts and in many trada processes. The 
most common source of such alcohol is the potato. 
The starch of this vegetable is readily chianged into 
glucose by the action of dilute mineral acids, and the 
glucose is then fermented and the resulting liquid 
distilled. By means of distOlation in specially con- 
structed apparatus, the proportion of alcohol in the 
distillate may amount to 95 per cent, the remainder 
being water. Further removal of water from the 
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' ' rectified spirit of w^ine "is effected by adding quicklime, 
allowing to ^tand, ,and agai^ distilling. "Absplute" 
alcohol is thus produced practically free from Water. 
Commercial absolute alcohol usually contains .about 
2 per cent of water. 

101. When beer or other weak alcoholic solutions 
are left exposed to the air i" they becoine sour. In this 
"way the first > of the acids was obtained, wine being 
the liquid used.?: The product is termed vinegar— fiour 
win&^9,rid the acid to which the sourness is due is 
now kno'jvn' as acptic acid (Latin acetum, vinegar). 
The chfinge effected is ofthe nature of a fermenta.tion, 
and the agent in this case is' a .microscopic plant 
belonging to 4;he, class of fungi, termed Myeoderma 
aceti. The acid is produced by the oxidation, under 
the influence of the ferment, of the alcohol in the beer 
or wiiie by oxygen from the air. -^ , 

Ethyl alcohol + oxygen ; 

— aoetio acid (hydrogen acetate) + hydrogen oxides. . 

On thelarge sca,le vinegar is made by adding wine 
or fermented malt hquor to some old vinegar and 
allowing the mixture to remain exposed to the air in 
casks into which air is able to pass through holes 
drilled for the purpose. White vinegar is made by 
what is known as the "quick" vinegar process. Dilute 
spirit is allpwed.to trickle slowly through perforated 
casks filled with beech shavings, the latter haying 
been impregnated with the ferment by use in earher 
operations. " 

The liquid obtained, by either of the above means 
is not pure acetic acid, but a weak solution of the acid 
in water, the average percentage of acid, in brown 
.■■.,'- • ~ 14._2 '' 
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vinegar being about five. To obtain the pure acid 
recourse is h^ to an entirely different method. Wood 
— such as oak or beech— is distilled in! special retbrts 
and the liquid resulting from the destructive distillation 
of the material is found to consist of two layers, the 
upper watery layer containing a high proportion of 
acetic acid. The acid is separated from the accom- 
panying wood-spirit-^methyl alcohol-r-by dtstUlation, 
the latter boiling at a much lower temperattire than 
the acid." The crude acid is fieutrahsed with lime, and 
the calcium acetate, after . drying, mixed with the 
calculated quantity of hydrochloric acid. The acetic 
acid may be obtained in a fairly pure state from this 
rnixtiu?e by again distilling, "? 

ExpEEiMENT 130. The latter part of the process 
just described may be done in the laboratory. Sodium 
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acetate crystals may replace the calcium acetate with- 
advantage. Thoroughly dry about 20 g. of sodium 
acetate by heating the crystals in an iron dish—* 
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samd-bath will do— until no more water vapour is 
evolved and tlie resulting mass is fused. AUow the 
mass to cool ajad tjxen break up into smaiU lumps. 
Introduce these into a retort and just cover them with 
strong sulphuric acid. Heat the retort- gently and 
collect the Uqnid which passes oyer in a clean flask, 
Stop the heating when, the, drops of distillate becoine 
infrequent. , 

Examine the distiUiate by each of the folio wing tests : 

(a) Pour a few drops into about 20 c.c. of water. 
Taste and smell the weak solution thus obtained^. 

(b) Wet a piece of blue litmus paper with the 
weak acid. 

(e) Drop a few crystals of sodium carbonate into 
: a httle of the acid. Shbw that the gas evolved is 
carbon dioxide. ' 

(d) Drop a few sniall pieces of granulated zinc 
into a sample of the acid. If necessary, warm the 
liquid. Show that the gas given off is hydrogen. 

(e) Colour a little of the acid with litmus solution. 
Add caustic soda solution, a little at a time, shaking 
after each addition, until the colour of the litmus. is 
just changed. Evaporate the hquid thus obtained to 
dryness. 

From the results of these tests it will be clear that 
the distillate corresponds in,aU particulars ^to- the 
description of an acid, as given in Part I, Chapter xvnr. 
It is a strong- solution of abetic acid. 



~ Exercise for Student. 

Write out the equations for the reactions involved in the 
preparation of acetic acid and in the tests suggested. 
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The purest acid is obtained from the distilled acid 
by codling it until the greater part of it has crystallised 
out. The crystals are removed, melted, and recrys- 
tallised by cooling. By repetition of this process — 
kno-vrai as fractional crj/sfoWisafo'ojj^the pure acid may 
be obtained free from water. Jt is known as "glacial" 
acetic acid, from the resemblance of the solid acid 
^to ice. 

102. The properties of alcohol and acetic acid may 
be compared by performing the following tests with 
specimens of absolute alcohol and glacial acetic acid. 

ExPEEiMEKTT 131. (a) Shake up some absolute 
' al,cohol with water. It' readily mixes with the water 
and no separation of ^he two liquids is effected on 
standing.. Repeat with varying quantities of alcohol 
and water. Test the salubiHty of glacial acetic acid 
in water in the same way. 

(6) Put a fe\Y drops of alcohol in a porcelain 
^sh and bring the flame of a lighted taper near the 
surfate of the liqtiid. Its vapour immediately ignites 
and burns with a characteristic pale blue flame. 

Repeat the above test with some glacial acetic acid, 
warming the contents of the dish with a small Bimsen 
flame. It will be found that the acid must be heated 
to near its boiling-point before its vapour will ignite.^ 

(c) Test some alcohol with litmus papers and try 
its solvent powers on sodium carbonate and zinc as 
was done for acetic acid in the previous experiment. 

These tests will serve to show the great difference 
between the two substances. The acetic acid molecule 
differs from that of alcohol in thftt it possesses two 
atoms of hydrogen less and one atom more of oxygen. 



Fermentation. Alcohol and the Vegetable Acids 215 

Although composed of the same three elements carbon, 
hydrogen and oxygen, the properties , of the alcohol 
and acid are quite distinct. _The result noted; in (6) 
above, where cold acetic acid refilses to ignite while its 
vapour burns freely when heated, is instructive.. It 
clearly shows that, although the acid contains carbon 
and hydrogen, the chemical affinities of these, elements 
for- oxygen have been partially satisfied by the pre- 
liminary- oxidation ' required to transf orha the easUy 
inflammable alcohol into acetic acid; Further, it is 
evident, that rise of temperature favours chemical 
action, since the acid burns, i.e. its elenients carbon and 
hydrogen combine "with oxygen freely, when it is heated.' 

103.1- Ethyl alcohol is the most important niember 
of a large series of compounds— the alcohols — of which' 
methyl alcohol and amyl ^alcohol, the "fusel oil" of 
whisky and other distilled spirits, are alsp members. 
The acids derived from this series of alcohols are the 
"fatty acids" previously mentioned in Chapter vii. 
The simplest member of this series is formic acid, 
while sicetic, butyric — ^the acid developed when butter 
turns rancid — ^palniitic and stearic are the best known 
of the remainder. .Jr 

The alcohols in general resemble bases; and some 
of the compounds of alcoholic bases with the acids of 
the fatty series are of importance. Spermaceti is 
derived from cetyl alcohol and palmitic acid, its chemical 
naime being Icetyl palpiitate; beeswax is a mixture of 
myricyl palmitate and ceryl cerotate, . and the other 
animal and vegetable waxes are of somewhat similar 
composition. We^ have already seen that many of the 
fats and- oils 'are salts of the fatty acids with the alcoholic 
base glycerol. ' ■ ■ 
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U04. There are soine other organic acids which, 
although they do not belong to the fatty acid series, 
naay weU be considered here, on account of the part 
they play in rendering many fruits palatable and of 
value as articles of diet. 

Oxalic acid occurs in rhubarb, sorrel and other 
plants, usually in the form of potassi>imi hydrogen 
oxalate. It may be prepared in the laboratory from 
cane sugar by treating the latter with strong nitric acid. 

ExpERiMBNT. 132. Place 20 g. of cane sugar in a 
large porcelain dish and add about 90 c.c. of strong 
nitric acid. Heat gently rmtil brown fiunes begin to 
be evolved. The heating may then be stbpped and 
the reaction proceeds vigorously for some time. The 
experiment should be conducted under a hood or in 
the fume cupboard. On allowing the liquid to cool, 
crystals of oxalic acid slowly separate out. They may 
-be purified by decanting away the^ remaining hqujd, 
dissolving the crystals in hot water and recrystaUising. 

Place a few crystals of the acid in a boiling-tube and 
pour in a few c.c. of strong sulphuric acid. Heat the 
tube gently., When effervescence commences, poiu: a 
little of the gas produced into another tube and shake _ 
up, with lime-water. The turbidity obtained shows 
that carbon dioxide is evolved. Place the flame of 
a lighted taper at the mouth of the tube in which 
the action is taking place. The flickering blue flame 
of the burning gas is evidence that carbon monoxide 
is also given off. 

Dissolve the remainder of the crystals in water ajad 
perform tests similar to those mentioned in Experiment 
130 with the solution thus obtained. The results will 
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afford evidence that oxalic acid behaves in general in 
sinjilar fashion to the mineral aci^s. 

Oxalic acid acts as a mild reducing agent, since it 
is convertible into carbon dioxide and water under 
the influence of, many substances which can supply 
the necessary oxygen. In the above experiment, the 
sulphuric acid abstracts the hydrogen and part of the 
oxygeii" of the acid, leaving the carbon combined with 
the remaining oxygen/ as shown. (Compare its use 
with potassium permanganate as mentioned in Chapter 
vn, par. 84.) ~ , 

A peculiar salt of oxalic acid, consisting of a molecule 
of the acid potassium salt combined with a molecule of 
the acid, known as potassium quadroxalate, is some- 
times used as an agent for reimoying iron-mould or ink 
stains under the name of salts of sorrel. (The namq 
of salts of lemon is. also sometimes given to this, com- 
pound, although lemons contain no' oxalic acid.) The 
quadroxalate combines with the iron to form a soluble 
iron potas^um oxalate which may be washed away. 

It must be remembered that oxalic acid and its 
salts are extremely poisonous and they should always 
be kept in speciai bottles, labelled /'Poison" in large -^ 
characters, and should never be left lying about in 
beakers or dishes. Any unused material should be 
poured down the sink immediately after use. 

105. Grapes contain another acid, tartaric acid. 
WhenTfine undergoes secondary or "cask "fermentation, 
potassium acid tartrate is deposited and is known 
in commerce as "argol". Prom this substance the 
; tartaric acid required for domestic and .other uses is 
prepared. , Purified potassium hydrogen tartrate is 
known as "cream of tartar", and is used, usually in 
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conjunction with tartaric acid. itself, in the composition 
of many baking-powders. The object of adding the 
baking-powder in making bread and cakes is to provide 
as much carbon dioxide as possible for "raising" 
purposes, while leaving as little residue in the finished 
article as may be. Hence the proportions of the various 
ingredients should be carefully adJTisted. The equations 
representing the reactions of the acid and the cream 
of tartar upon the bicarbonate of soda which consti- 
tutes the third ingredi^t of the baking-powder are as 
follows: , 

sodium tartrate 



Hydrogen tartrate 

+ 
sodium hydrogen carbonate 



+ 
hydrogen oxide 

+ 
■carbon dioxide. 



Potassium hydrogen tartrate^ /sodium potasSiuih tartrate 

+ [=J - +. - „ ■ 

sodium hydrogen carbonate J \ hydrogen oxide + carbon dioxide. 

The weights of acid and bicarbonate needed to 
'complete the first equation must be in the ratio 25 to 
28. For the second* equation, the weights of cream of 
tartar and baking-soda must be as 47 to 21. Thus a 
baking-powder containing the two former substances 
should contain them in approximately equal proportions 
by weight, while a cream of tartar powder requires 
that about twice as much cream of tartar as baking-soda 
shall be made use of. The solid acid (or acid salt) 
and the solid bicarbonate do not react until brought 
into solution together, and hence it is possible to mix , 
them before use and cause the water required to moisten 
the flour to act as the solvent. Should they be kept 
for some tiine before use, it is advisable to add an 
equal weight of a starchy material, such as ground 
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"rice or arrowroot, to the mixture. This admixture 
helps to keep the baking-powder dry, the mixed acid 
and carbonate being somewhat hygroscdpic, and 
further assists in the thorough mixing of the baking- 
powder with the flour by increasing the bulk of powder 
required for a given quantity of bread or cake. 

The sodium potassium tartrate produced when a 
baking-powder containing cream of ^ tartar is used is 
usually termed "Rdchelle salt", and is one of the 
constituents of Ffehling's solution. , 

- Tartar emetic is a coinpound of potassium tartrate 
with basic antimony tartrate, its strict chemical name 
being potassitun antimonyl tartrate. It is used in 
medicine as an emetic, wbene0.its name, and also in 
calico-printing: as a mordant, i.e. cblour-fixerc 

The famihar Seidhtz powders generally contain 
tartaric acid' in one packet and bicarbonate of soda in 
the other. 

106. Sour gooseberries and lemons owe their taste 
to the presence of citric acid. This acid is also present 
in smaller proportion in many'other fruits,; especially 
when unripe. It forms the principal ingredient from 
which is derived the taste of the so-caUed lemonade 
■crystals andJemonade powders. Its magnesium salt, 
together with bicarbonate of soda and sugar, gives an 
effervescing drink when mixed with water, generally 
termed effervescent citrate of magnesia. 

The acid contained in apples, more especially when 
immature, is maUc acid. , It is also found in rhubarb and 
in the berries of the mountain ash. 
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QUESTIONS 

1. What is yeast? Describe its action upon a sohition. con- 
taining sugar. 

2. By what ^experiments would you show that starch, cane 
sugar, alcohol and acetic acid contained the elements carbon and 
hydrogeh? 

3. What method would you employ to demonstrate that beer 
contains alcohol? Suggest how a ^maU quantity of, fairly pure 
alcohol may be obtained from a bottle of beer. 

4. Why do beer and wine become soujr after expdsure to the 
open air ? To what substance is the sour taste due ? 

5. Describe fully any experiment you have performed, in which 
distillation was carried out. What was the object of the distillation 
in the experiment you describe 7 

6. Give the chemical names of "salt of sorrel", "spirit of wine", 
" baking-soda "," washing-soda "," spirit of salt "," water", " RocheUe 
salt", "soft soap", "olive oil" 

7. Show clearly how a specimen of acetic acid may be produced 
by various changes from potato starch. 

8. Why is oxalic acid of use as a cleansing agent? For what 
special purposes would you recommend its use? 

9. Give the composition of any baking-powder with which you 
are acquainted. For what reason is each of the constituents 
present ? x 

10. What operations are necessary to separate the constituents 
of a mixture of cane sugar, starch and chalk ? Give clear instructions 
for obtaining a dry specimen of each substance from such a mixture. 
Test the method suggested in order to determine its feasibility. 
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CHAPTER XI 

FOOD, COOKING, AWD DIGESTION 

107. The constituents of the numerous substances 

;;UBed by man as food ; may be roughly grouped into 

■■;three great classes. These are known as the "iood- 

stufEs" aind are (a) the carbohydrates, (6) the fats, 

(c) the proteins.' Of these, we have already dealt at 

some fengthwith the carbohydrates and, in less detail, 

---iihe fats liave been considered. Both cla,sses contain 

the elements carbon, hydrogen and oxygen, but the 

Tproportion of carbon in the fats is much higher than in 

,, th^ carbohydrates. The different fats arid oils vary 

somewhat in their oopiposition, but the following may 

be taken as the approximate average percentage 

composition of fat:, carbon, 79; hydrogen, 11; 

oxygen, 10^ ' 

The third class of foodstuffs differs considerably 
from either of the others. Pats, oils, starches^ and 
sugars may be accurately analysed by chemical methods, 
and, in most oases, wq are able to assign definite 
.fornaulae to their molecules. The molecular formulae 
of starch and its derivative -dextrins are not known 
with certainty, but. the ratios existing between the 
numbers of carbon, hydrogen and oxygen atoms present 
in each molecule may be estimated_ with accuracy. 
The , molecular structure pf the proteins is of a, more 
complex character and definite formulae cannot yet 
be - assigned to the various members of this group. 
TJie proteins, further, are distinguished by containing 
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more elements, as they all contain nitrogen in addition 
to carbon, bydrbgen and oxygen. Stilphur in small 
proportion is a constant constituent of protein material 
and many bodies of this class also contain phosphorus. 
The percentage composition of the various substances 
belonging to this class varies Within certain limits, the 
following being rough average values: 

Carbon, 50 to 55 per cent; hydrogen, 7 per cent; 
.oxygen, 20 to 24 per cent; nitrogen, 15 per cent; 
sulphur, 1 per cent. 

Protein bodies are found in foods of both animal 
and vegetable origin. Thus lean meat is largely - 
composed of muscle albumin, which, in the living;^^ 
animal, is known as myosinogen, but becomes changed 
/after death into myosin, /another form of protein: 
blood contains serum albumin and fibrin : white of, 
egg is a nearly pure albumin: nulk'and cheese contain 
caseinogen:- wheat, gluten: beans and peas, legumin. 
The proteins are classified according to their behaviour 
towards various chemical reagents and other properties 
into several groups, but a description of this system 
is beyond the scope of this book. 

108. The properties which are common to the whole 
group may be considered, however, as upon these pro- 
perties depends the valyeof the proteins as food materials. 

All proteins contain nitrogen. It has been shown 
in Chapter vin that the detection of the presence of 
carbon and hydrogen in organic substances is a fairly 
simple matter. To show the presence of nitrogen, 
advantage is taken of the observation that when many 
nitrogenous substances are heated with an alkali, some 
of the nitrogen and hydrogen contained in them is set 
free in combination as the gas ammonia. 
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ExFBBiMBNT 133. Plac^ about 0-5 g. of lean meat 
or cheese in the hot air oven at a temperature of about 
110° C. until dry. Rub the dried residue up in a 
mortar 'with about 3 g. of dry soda Mme. Put the 
mixture into a clean boiUng-tube and 3-4^ about 5 g. of , 
dry soda liine so that it forms a layer above the mixture. 
Gently heat tlie tube, beginning at the top of the upper' 
layer and gradually, passing ^the flame to the: bottom 
of the tube. Smell the vapour issuing from the mouth 
of the tube at intervals and insert a moistened piece 
of red htmus pape'r intothe V9.pbur'. It ihay be possible 
to distiaguish the pecuKar puiigeht smell of ammonia. 
The paper will be changed in colour from red to blue, . 
These observations tend to. show that a' volatile 
substance has been produced, which has ian alkaline 
reaction when in solution. Ammonia i^ practically the 
only substance which answers this descriptiop. It is 
a, compound of nitrogen and hyclrogen, and its formation 
in the aljove experiment is considered as evidence that 
the material heated with the soda Mme contains 
nitrogen, since the latter does ' nqt., (Soda lime is 
simply hme which Has' b^en slaked with caustic soda 
solution instead of water.) 

' In order to obtain a supply of ammonia wherewith ' 
to exattiine its properties more readily, we may make 
use of the strong solution of the gas in water, usually 
known as 0^880 ammonia from jits specific gravity when 
freshly prepared. 

Experiment 134. Pour about 20 c.c. of this solu- 
tion into a four-ounce flask, fitted with a cork bored 
with a single hole for the receipt of a piece of straight 
tubing about J 2 inphes long to act as a deUvery tube. 
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^Gently heat the flask and its contents. Bubbles will- 
soon appear escaping from the Kquid. These are bubble^ 
of ammonia. To collect a sample of the gas, fix a 
clean dry gas-jar over the delivery tube so that the 
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upper end of the tube almost touches the bottom of 
the gas-jar. (See Fig. 70.) Continue the heating until 
the ammonia escaping^from the mouth of the jar turns 
a moist turmeric paper dark brown. Raise the jar 
and sKp a glass plate over its mouth. Collect a few 
more jars in the same fashio^i. 
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Experiment 135. Remove the plate from the 
mouth T)f one of the .jars and place a lighted taper ip. 
the jar.' The flame of the taper will be extinguished, 
and the ammonia wiU not be ignited. Just before the 
taper is .extinguished, however, a flickering yellowish 
flame may be observed playing around the taper 
flame proper. The ammonia is burning close to the 
flame, but is tmable 'to combine directly with the 
oxygen of the air^ except where it is heated to a high 
temperature in the neighbourhood of the flame. It 
will burn readily in- an atmosphere of oxygen. ' 

ExPBKiMENT 136. Allow oue of the jar^ to stand 
with its mouth open and directed upwards for about 
a minute. Push a lighted taper into the jar. The 
continued burning of the taper shows that the ammonia 
has escaped from the jar and hence that it is lighter 
than air. 

Experiment jl37. Invert another jar, niouth down- 
wards, in a trough of water, and remove the glass 
plate under the surface of the water. If the jar was 
filled with ammonia, the water will rise quickly in the 
jar and almost fill it. Should it fail to do so, repeat 
the operation with a fresh jar, which has been held 
over ^he deUvery-tube for a much longer period. 
Ammonia is very soluble in water, in this resembling 
hydrogen chloride. 

0-880 ammonia is produced by passing the gas into 
water until the latter will dissolve iib more. 

109. To demonstrate that the gas contains nitrogen 
and hydrogen, it is usual to pass it over hot copper 
oxide, the oxygen of which combiAcs readily with- the 
hydrogen, leaving the nitrogen in the free state. 

H. D. s. n. 15 
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Experiment 138. Fit up the apparatus shown in 
Fig. 71. In the flask place about 20 c.c. of 0-880 
ammonia. The drying-tower contains small sticks of 
caustic potash. The latter may be replaced by small 
lumps of quicklime, but calcium chloride or sulphuric 
acid must not be used, since ammonia readily combines 
with each. The hard glass tube contains copper oxide, 
preferably in the form of snlall pieces of oxidised 
copper wire. This requires to be heated in a small 
combustion furnace, or by a good Ramsay burner. 
Wheii the oxide has reached a dull red heat, the flask 




Fig. 71. 

may be gently heated, so that a steady stream of the 
gas is caused, to pass over the contents of the hard 
glass tube. AUow the gas to bubble through the water 
in the trough for a short time in order to ensure the 
displacement of the air in the apparatus. Then place 
an inverted jar filled with water over the beehive cell 
and collect a jar of the gas evolved. Any imchanged 
ammonia will be absorbed by the water in the trough. 
Test the gas in the jar with a, hghted taper and by 
shaking up a little lime-water in the jar. The extinction 
of the flame of the taper, together with the absence 
of effect upon the lime-water, show that the gas is 
nitrogen. The presence of hydrogen in the ammonia 
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may be dertionstrated by noting that some of the copper, 
oxide is reduced- to metallic copper, and that a few 
particles of anhydrous copper sulphate placed in the 
bulb on the deUvery-tube are turned blue by the 
condensation on them of part of the water formed by 
the union of the hydrogen with the oxygen of the 
reduced oxide. 

Ammonia combines with acids' to form salts. With 
hydrochloric acid it forms ammonium chloride (see Ex- 
periment 64) ; with sulphuric acid, ammonium sulphate. 
The group ammonium is a good example of a radical. 
It is present in a large number of compounds, which 
are found to bear a fairly close general resemblance to 
the corresponding compounds of the metals potassium 
and sodium. The solution of apimoiiia in water, 
further, behaves like the solutions of sodium hydrate 
and potassium hydrate in that it is strongly alkaline 
and may be used to neutraUse the most powerful 
acids. It is frequently called ammonium hydroxide 
solution, although the compound ammonium hydroxide 
cannot be isolated in the pure state, as is the case with 
the hydroxides of potassiimi and sodium. 

110. In addition to evolving ammonia when heated 
with an alkali, the proteins possess the distinctive 
property that, when heated alone or in the presence 
of water, they undergo a peculiar change, termed 
coagulation. The addition of certain reagents will 
also bring about this change. The coagulated protein 
is much less soluble than the native protein. 

Experiment 139. Pour a little white of egg into 
a test-tube. Place the tube in a small beaker partly 
filled ^th water. Heat the water gently and note 

16—2 



228 Domestic Science 

-the behaviour of the albumin. Stir the water with the 
test-tube from time to time. It will be found that the 
egg-white loses its transparency when the temperature 
of the water is between 70° and 80° C. 

To show the change in solubility, pour about 0*5 c.c. 
of fresh egg-white into a test-tube half filled with 
distilled water. Shake the tube well. The albumin 
will slowly dissolve but the solution will be somewhat 
turbid, owing to the precipitation of a small quantity 
of another protein, globulin, which is also present in 
egg-white. Into another quantity of water put about 
the same bulk of the coagulated egg-white. It will be 
found that this wiU not dissolve, however vigorously 
the tube be agitated. 

Egg albumin i^ soluble in water, but most other 
proteins are insoluble in that liquid. Some are soluble 
in dilute salt solutions, e.g. myosin and fibrinogen, whUe 
others reqmre the action of weak alkalis before they can 
be brought into solution. Mucin, a complex protein 
fotmd in the bile, saliva, and gastric juice, is an example 
of this last class. 

111. Certain reagents produce well-marked colour 
effects with protein bodies and are generally used to 
distinguish the latter from other compounds. 

Experiment 140. Prepare a solution of egg 
albumin in water by careftilly breaking an egg and 
allowing a small quantity of the white to drop into 
some distiUed water. To free the solution from the 
insoluble egg globulin, the liquid, after thorough 
shaking, may be strained through two or three layers 
of fine muslin. Test separate portions of the solution 
as below : 
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^ (a) Add a few drops of strong nitric acid. A white 
'precipitate is formed which consists of the albumin, 
the latter being insoluble in acids. .On boiling the 
Hquid, the precipitate turns somewhat yellowish in 
qolour. This colour becomes much darlier if the 
liquid be cooled and a little ammonia solution added. 
From the nature of the colour produced this test is 
sometimes termed -the Xanthoproteic test; i.e. the 
"yeUow" test. for "proteins". _ 

(6) Add a few drops of strong mercuric nitrate 
solution. (This. solution is called MiUon's reagent and 
may be prepared by dissolving 10 g. of mercury in 
about 7 c.c. of strong nitric^aoid and adding 15 c.c. of 
distilled water to the solution thus obtained.) A white 
precipitate, which becomes brick red on boUing, is 
characteristic of proteins. 

(c) Poitf a little Weak copper sulphate solution 
, into a clean test-tube and then pour away the liquid, 
leaving a very smalV quantity, adhering tOi the sides of 
the tube. Add about 1 c.c. of albumin solution and 
2 c.c. of strong soliitioii of caustic potash. The presence 
of protein is indicated by the production of a violet tint. 
This test is known a^S Piotrowski's or the "biuret" test. 

112. The proteins are colloidal bodies and hence 
cannot pass readily through animal membranes. 

Experiment 141. Repeat Experiment 126, sub- 
stituting white of egg for the starch paste and a piece 
of stretched bladder for the parchmentised paper. 
Allow to stand fOr some hours and test the water after 
that, period for the presence of albumin by the ,tests 
given in Experiment 140. No positive reactions should 
be obtained. 
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' In order to be of service as food, albumins must 
be rendered diffusible through the animal membranes 
lining the digestive tract. To this end they are 
changed by the action of certain constituents in the 
gastric and pancreatic juices into bodies known as 
proteoses and peptones. The former are readily 
diffusible, the latter less so. Commercial peptone, 
which is usually a mixture of peptone and proteoses, 
may be shown to diffuse through the membrane as 
used in the last experiment, - 

Experiment 142. Shake up a little commercial 
peptone with a small quantity of water. It will be 
found to dissolve readily.- Place the solution in the 
dialysej as used in the preceding experiment and allow 
to stand for some hqurs. Test the contents of 1;he 
outer vessel by the biuret test, as described above. 
Peptone and the proteoses answer to this test, although 
they are not native proteins, but derivatives of these. 

113. Milk — the perfect food of the young mammal 
— contains aU the constituent foodstuffs we have dealt 
with and its examination ..for each will afford an 
interesting exercise. 

Experiment 143. Pour about 5 c.c. of milk into 
a boiling-tube and add an equal bulk of water. Add 
about five drops of acetic acid and shake well. Allow 
to stand for a few minutes. The liquid will be separable 
into two distinct portions — usually known as the " curd " 
and the " whey ' ' . The former consists of the caseinogen 
of the mUk, together with most of the fat. The curdling 
is evidence of the presence of protein matter precipitable 
by dUute acid. Filter the liquid through an ordinary 
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filter-paper. The curd remains on the paper, while the 
whey passes through as an almost colourless liquid. 
. Treat the curd as follows : 

(a) Shake some of it, obtained by scraping from 
the filter-paper with a spatula, with a few c.c. of ether 
in a test-tube. (Do not perform this operation in the 
immediate neighbx)urhood of a naked light, as the 
ether vapour is very easily inflamed.) Pour a few 
drops -of the ethereal solution upon another filter- 
paper and, allow the ether to evaporate. The pre- 
sence of a grease spot upon the paper, after this 
treatment will afford evidence of the existence of fat 
in the milk. ^ 

(6) ~ Pour away the remaining efher into^ a bottle 
kept for the purpose and scrape a portion of the residue 
into a watch-glass. Put this in a steam or hot-water' 
oven ,to dry. When <dry, test for the presence of 
nitrogen by heating with soda lime as described in 
.Experiment 133. Put a further quantity into a test- 
tube and add some MiUon's reagent. , The production 
of -a brick red colour on warming shows that protein 
matter is present. The caseinogen of the mUk has 
been precipitated by the acetic acid. , 

The whey may be treated as follows : ~ 

(a) To a small portion add a little caustic soda 
-or potash solution, testing with red litmus paper to 
see that enough has been added to render the liquid 
faintly alkaline. Add a httle Fehling's solution and 
boil. The formation of a red or reddish-yellow 
precipitate of cuprous oxide«hows that, a reducing sugar 
is present.^ The sugar in this case is lactose, which is 
only found in milk. 

(6) Test another portion with MiUon's reagent 
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and warm. A red precipitate will be obtained. This 
is due to the presence of a second protein in the milk, 
known as mUk-albumin or lactalbumin. This is not 
coagulated by acetic acid and hence, being also soluble 
in water, remains in the whey. Its presence in the 
latter lic[uid may also be demonstrated by boUing 
another small portion of the whey in a test-tube. 
Lactalbumin coagulates on being heated and the liquid 
is rendered turbid. 

(c) Evaporate about 3 ex. of the whey to dryness 
in a porcelain dish. Strongly heat the residue, -which 
wUl char, showing that carbon is present, and continue 
the heating until aU the carbon has been burnt, A white 
residue wiU remain, consisting of incombustible matter. 
This is generally called the "ash" of the milk and 
consists of mineral matter, part of which was con- 
tained in solution in th^ original milk and part pro- 
duced by the decomposition of other constituents of 
the milk. 

From the above investigation it is clear that milk 
contains examples of each great class of foodstuffs. 
The average percentage composition of milk may be 
considered to be roughly as fbllows: 



Water ... 


... 87-3 


Fat 


3-6 


Lactose ... 


... 4-9 


Caseinogen ... 


31 


Lactalbumin 


... 0-4 


Ash 


0-7 



{Note. The above is only an approximate " average " 
composition of cows' milk. The milk of individual 
cows may contain the main constituents in proportions 
which difEer considerably from the values given.) 

114. In Part I, Chapter vi, reference was made to 
the use of a special form of hydrometer, called the 
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lactometer, in determining the specific gravity of milk. 
These instruments are frequently sold marked at dif- 
ferent parts of the stem with the marks : M, f , ^, i,W. 
These are understood by the users who are ignorant 
of the nature of milk to mean that when the lactometer 
floats with the mark "M" at the level of the sample 
of milk tested, the sample is necessarily good. When 
the instrument is immersed so that the mark "f ", is 
shown at the liquid surface, it is supposed that the 
milk has been diluted \with water to such 
an extent that the resulting liquid contains- 
one-quarter of its bulk of Water, and so on, 
the reading in water itself being at "W". 
Such ideas regarding the' character of the 
milk may be quite erroneous, and no definite 
information concerning the genuineness of 
a milk supply may be obtained by the use 
of the lactometer- alone. 

A better form of instrument is shown in 
Fig. 72. The numbers are termed the "de- 
grees of gravity" of ihe milk. In order to 
convert them into ordinary specific gravities, 
1-0 must be written before the reading of 
the lactometer. Thus, if the reading is 32-5, 
the specific gravity of the sample of milk is 
1-0325. _ ,, 

Milk consists essentially of a solution of proteins, 
ia/ctoSe., and other substances, the specific gravity of 
this solution being considerably Jiigher than that of 
water, togethet with a certain quantity of fat — ^the 
'^cream^distributed in the form; of minute globides 
throughout the solution so a's to form a very fine 
emulsion. 
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Experiment 144. Dilute a little milk with about 
five times its volume of water. Place a drop of the 
diluted milk on a glass slide and cover with a coverslip. 
Examine the appearance of the. liquid under a high 
power of the microscope. The rounded globules of 
fat of varying sizes wiU be readily recognizable. The 
fat exists in milk in the melted 
state, so that it may perhaps be 
considered more correct to speak of 
oil-globules rather thanJat-globules. 
Fig. 73 gives an idea of the general 
appearance of cows' mUk uhder the 
microscope. 

The specific gravity of the fat ^ 73 ^zw. 
is considerably less than that of 
water. The average specific gravity of milk is 1-032. 
It may readily be seen that the abstraction of the 
fat, or part of it, from the milk ■will be followed by 
an increasje in the specific gravity. This may then 
be reduced to its former value by the addition of 
water in suitable proportion. The resulting liquid, 
doubly impoverished by this treatment, will thus 
indicate, when tested with a lactometer, a specific 
gravity corresponding to that of good average milk. 
In order that the determination of the specific gravity 
may be of real service in estimating the probable 
genuineness of a sample of milk, its indications must 
be considered together with the result of a determinatipn 
of the percentage of fat present. This latter estimation 
is in general . beyond the resources of an ordinary 
kitchen and the householdeT is dependent upon the 
dairy analyst for sufficient information under this head. 

115. The greater part of the food consumed by 
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civilised man has undergone preliininary treatment 
before, he eats it. This treatment usually consists of 
one or other of the forms of heating grouped under 
thB heading of cookery. We have already seen that 
heat—especially in the presence of water — has the 
effect of altering the properties of the various substances 
of which foods'are composed. The examination of the, 
value of the changes brought abbut in this way froin 
the point of view of the improvement — or otherwise — of ■ 
the articles treated when used as food -will next be 
briefly dealt with. 

Food is rendered more pleasing to the sense of taste, 
thus stimulating the appetite, and at the same time in 
many cases is made more readily digestible, Ijy proper 
cooking. A further advantaige arising^ from theTiabit of 
using cooked food is to be found in the sterilizing effect 
of the temperatures reached during cooking, a point 
which will receive fuUer trea,tment in a later chattier. , 

Ih Chapter ix, par. 97, the matter of the import- , 
ance of cooking starch was considered. Raw starch is 
practically indigestible, the outer wall pi starch-cellulose 
being only attacked with great difficulty by the digestive 
juices, and thus prevents the more digestible granulose 
within from being acted upbn. The action of hot 
water in causing the rupture of the cell- walls and 
bringing the starch into the form of a gelatinous solid is 
the first stage in the change of starch into an assimilable 
substance. The starch jelly is acted on during digestion 
by two ferments^ the ptyalin of; the saliva and the 
ainylopsin of the pancreatic juice. Both have the 
power of transforming the starch into the simpler 
body, maltose, this latter. body. being at a later stage 
of digestion further changed by the ferment known as 
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invertin, containeci in the intestinal juices, into the 
readily diffusible glucose. It is in the form of glucose 
that starchy food is absorbed by the digestive organs. 
Invertin also has the property of acting upon cane 
sugar or sucrose and transforms it into the simpler 
sugars dextrose and laevulose, which are both able to 
permeate animal membranes and are iherefore easily 
absorbed. 

116. In teihperate regions, civilized man obtains 
a large proportion of the carbohydrates needed as 
food in the form of bread. The best bread is made 
from wheaten flour, a less generally tempting variety 
being procurable from rye flour. The flour obtained by 
grinding other cereal grains does not make good bread, 
since the proteins present do not possess the property 
of absorbing water to the' same extent as gluten. The 
latter can take up some three times its own weight of 
water, forming a tough, elastic substance. In aU bread- 
making, except in the case of unleavened bread, carbon 
dioxide is evolved within the bread-mixture. The 
bubbles of gas are entangled in the viscous mass 
produced by the action of the water used upon the 
gluten in the flour and are thus prevented from escaping. 
During the baking process the gas expands, and, at 
a later stage, the gluten hardens. The bread produced 
is thus obtained as a highly porous foodstuff. The 
greater the quantity of carbon dioxide retained, the 
"Hghter" the resulting bread. The inability of the 
proteins of other cereals thus to entangle the gas is 
the reason for their unsuitabihty for bread-making. 

Bread raised by means of yeast differs slightly in 
character from bread in which chemical reactions are 
utilised to produce "hghtness". In general, the former 
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is considered the more palatable food. During the 
growth of the yeast, it acts upon the small proportion 
of soluble carbohydrates present in the flour, with the 
result that some alcohol is formed. Most of this is 
dissipated in the form of vapoiu" during baking, but 
freshly-made bread still contains a smaU proportion of 
alcohol. 

As already mentioned, the action of heat and 
m,oisture upon starch-grains' results in the bursting 
of the cellulose and the liberation of the contained 
granulose, "The latter substance is readily attacked 
by the digestive juices. A. further change of some of 
the starch into dextrin in the outer portions of the 
loaves is effected by the higher temperature of these 
portions and some small part is even chaiiged to invert 
sugar by hydrolysis. The crust of well-made bread is 
somewhat shiny in appearance on account of the dried 
layer of dextrin present, while its .shghtly sweet taste 
is accounted for by the presence of the small quantity 
of sugar just mentioned. 

117. The temperatures generally used in cooking 
operations have little effect upon the chemical nature of 
fat itself. ' The fat upon the exterior of a roasting or 
baking joint may be sKghtly decomposed and undergo 
a certain amount of dry or destructive distillation, but 
that within the joint does not reach a temperature 
teufficiently high for this decomposition to occur. 

The digestion of fats is carried on chiefly in the 
small intestine. The saliva and gastric juice have no 
effect upon fats, except that the latter dissolves the 
walls of the cells surrounding animal fats and thus 
renders them more easily attacked by the later action 
of the pancreatic juice. This liquid contains a ferment 
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which is known as steapsin. This is able to split up 
the fat into glycerine and a fatty acid, the elements 
of water being added to those contained in the fat. 
The bile, which' is alkaline in reaction and is poured 
into the alimentary canal at almost the same spot as 
the pancreatic juice, appears to act in concert with 
the letter in that th^ alkahne matter of the bile combines 
with the fatty acids set free by the pancreatic juice to 
form soaps. The presence of these soaps assists in 
the emulsification of any undecomposed fat, and the 
particles of fat pass through the walls of the intestine 
and h^ce into the lymphatic system. From the latter 
the fat in the form of lymph enters the blood and 
by its slow oxidation provides heat energy to the 
body. 

118. Of aU the fatty substances in general use as 
foodstuffs, butter is, by common consent, considered to 
be the most palatable and easy of digestion. It is 
produced by allowing cream, which contains on an 
average some 40 per cent of fat, to become sHghtly 
soured by bacterial action (see next chapter) and then 
agitating the product by churning so that the fat is 
separated from the adherent casein, the fat globules 
aggregating to form lumps of semi-solid fat. Good 
butter contains from 80 to 85 per cent by weight 
of milk-fat, the remainder being chiefly water, with 
small quantities of milk-sugar and casein. To assist 
in keeping, salt is added. Ordinary "fresh" butter 
contains some 2 per cent of added salt, while the 
proportion in "salt" butters is much higher. 

The greater part of butter-fat — some 76 per cent — 
consists of glyceryl palmitate and oleate in about 
equal amoimt. The" pleasant flavour and ready 
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digestibility of butter are connected with the presence 
of compounds of glyceryl mth simpler members of the 
fatty acid series — chiefly myristic, lauric, and butyric 
acids. The greater volatility of these latter substances 
imparts the agreeable odour associated with butter. 

The eoinparatively high price of pure butter has 
led to the manufacture of butter substitutes of which 
cheaper animal or vegetable fats form the basis. These 
are kiiown as oleordargarine (or simply " margarine ")- 
or butterine. The chief animal fat used is lard, while 
large quantities of cotton seed oil are also consumed 
in making some varieties, These materials are purified 
and then churned in special churns with a certain 
amount of n;iilk, together with colouring and flavouring 
>mateiials. A httle butter is also added in most cases 
in order to produce an article more closely resembhng 
the natural product. 

The nutritive value of properly made margarine is 
undoubtedly high and when sold under its proper 
title little /abjection can be raised to its use as a food. 
Its flavour is, however, less dehcate than that of butter 
and hence it possesses less value as an appetizer. 
Moreover, it is less readily assimilable by persons of 
weak digestion. - 

119. The recognition of butteir, as distinct from 
margarine, by its appearance, smell, and taste, is 
possible to those who regularly handle both articles. 
Some simple tests whereby information raay be gained 
by others, less skilled; are appended. 

Experiment 145. Place about 10 g. of butter in 
a small beaker, and in a second similar beaker place 
about the same weight of margarine. Put the beakers 
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on a sand-bath over a small Bunsen flame. Continue 
the heating until each liquid reaches its boiling-point. 
It will be noted that the butter boils almost quietly 
■with much foaming, while the margarine sputters 
considerably and produces but little foam. 

Experiment 146. Add about 20 g. of butter to 
about 100 c.c. of milk in a small enamelled cup. Heat 
the cup gently till the butter has entirely melted. 
Remove the source of heat and stir the mixture 
vigorously with a lead penciLor other small stick. It 
will be found that a soft homogeneous mass resembling 
cre^m will be produced as a restilt of this treatment. 

Mix similar quantities of margarine and milk and, 
after melting, beat up as before. The fat will not mix- 
to form a cream, but sohdifies in lumps and usually 
clings to the stirrer so that it may be almost entirely 
removed. 

120. We have seen that many albuminous sub- 
stances are ooagulable by heat at a moderate 
temperature. In cooking, advantage is taken of this 
property in the following way. The exterior of a joint 
of meat is subjected to a high temperature by exposing 
it close to a bright fire, placing it in a weU-heated oven, 
or plunging it into boiling water. In this way the 
albvunin in the outermost layer of the joint is rapidly 
coagiilated. The formation of a thin skin of coagulated 
albiunin upon the outside of the joint prevents to a 
large extent the escape of the soluble matters of the 
meat including the remaining albumin, which is more 
or less soluble in water. After this preliminary 
heating at a high temperature, the joint, if roasted or 
baked, should be either removed from the fire to a 



Foo4, Cooking, and Digestion ,241 

slightly greater distance or -placed upon the side of 
the oven further from the fire. In this way it is kept 
at a temperature sufficiently high to cause the juiced 
contained in it to approximate to their boiling-point, 
atld the interior is thus cooked in a bath of its own 
juice. A joint undergoing the process of boihng should,' 
^hen it has been allowed to remain in boiling -water 
for a few minutes, be thereafter heated more gently, 
the temperature necessary for the complete cooking 
of its intej-ior being only about 75° C. Continuous 
boiling of the water in the cooking vessel only results 
in the formation of a layer of coagulum of greater 
thickness, a distinctly undesirable proceeding, since 
coagulated albumin is exceedingly difficult of digestion. 

In various other operations of cookery as usually 
practised, the object aimed at is essentially the same 
as that outlined above. Grilling, braising, frying, 
sauteing and steaming are variants and combinations 
of the processes already mentioned. 

Stewing and soup-making differ from boiling in 
that the effect of these processes is to extract as much 
of the soluble and diffusible matter of the food as 
possible. Hence the use of a high temperature is 
undesirable throughout and) gentle heating at a tem- 
perature just below the coagulating point of albumin — ■ 
say about, 72° C. — ^is most efficacious in ensuring the 
successful preparation of rich stews and nourishing 
soups. 

Proteid matter is acted upon by both the gastric and 
pancreatic juices, cp. p. 229, Expt 140. _The former 
contains the enzynjie pepsin, which converts the slightly 
soluble albuminous constituents of food into bodies of 
somewhat similar composition, called peptones, which 

H. D. s. n. 16 
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differ from albumm in being comparatively much more 
diffusible. The enzyme trypsin of the pancreatic juice 
has similar functions, but is ableto carry the changes 
produced further. Bodies known as leuciri andtyrosin are 
thus formed and these may be further decomposed in 
the large intestine into evil-smelling substances, such 
as indol and skatol, and even into gases containing 
sulphur compounds. To the presence of these bodies 
is due the offensive smell of the undigested portions of 
the food which leave the body. The jtiice secreted , 
by the small intestine also contains an enzyme capable 
of effecting the change of albumin into diffusible sub- 
stances, or proteolytic fermentation, as it is termed, 
thus completing the work of proteid digestion begun by 
the gastric and pancreatic fluids. 



QUESTIONS 

1. What method would you adopt in order to deteriuine 
whether (o). rice, (6) bread, (c) white of egg, contain nitrbgen or 
otherwise ? 

2. Two jars of a gas are supplied to you. Suggest the tests 
which you consider the most suitable for finding out whether the 
gas is ammonia or hydrogen chloride. 

3. Milk contains nearly 90 per cent by weight of water. How 
may a sample of pure water be obtained from it? 

4. Into what great classes are the substances us^^ittTfood 
usually divided? What differences in composition ■^^afssociated 
with this method of division? 

5. Is ammonia gas an alkali ? Give reasons for your opinion. 

6. Suggest objections to the use of uncooked rice as an article 
of diet.' 

7. Outline a method by which you consider that the presence 
of fat and proteid matters in yolk of egg may be demonstrated. 
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• 8, - How and by whati agents is starch changed during the 
process of digestion? 

9, Give the names of three enzymes which take part in the 
digestive process arid state the function of each, 

10. What advantages attend the use of cooked food in preference 
to uncooked? Mention any disadvantages which occur to you. 

H. Point out some improper methods of preparing food for 
the, table, mentioning why you think that they are unsatisfactory. 



CHAPTER XII, 

PBBSERV-^TION OF POOD. DISINFECTION 

121. In Chapter x mention was made of the fact 
that a solution of honey or of sugar became ch^ged 
after exposufe to afr. It is' a raatter of common 
knowledge that other foodstuffs undergo pronounced 
. changes when kept for long periods. Th^e latter 
changes are generally grouped together under the 
heading of decay or decomposition. Just as the 
conversion of a solution of sUgar' into alcohol and 
carbon dioxide was shown to .be effected Iby the inter- 
vention of a lowly f o^m of plant life — ^the yeast cell — 
so may the- production of ^ decay be demonstrated to 
consist in the attack upon the organic matter in the 
food by various micro-organisms of simple structure. 
During, their growth, these smaU living plants bring 
about the decomposition of the complex materials of 
the food into l^odies of much simpler character. The 
process is allied to fermentation and is usually attended 
by the absorption of oxygen. Thus the carbon of the 
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decaying substance is chiefly transformed into carbon 
dioxide, the hydrogen appears after the change as 
water, while the nitrogen originally present in the form 
of very complex albuminous substances is got rid of in 
the form of ammonia. 




ExPEEiMENT 147. Obtain a tail gas-jar and fit 
it with a cdrk bored to receive two tubes.i (See Fig. 74.)- 

-Arrange two lengths of glass ' 
tubing as shown in tha figure. 
Introduce some decaying matter 
into the jar. (Some dead leaves 
in a moist condition will be found 
to answer weU.) Allow the jar 
to remain for a few days in a 
warm place, the cork and tubes 
being in position. At the end of 
that time, aspirate a gentle cur- 
rent of air through the apparatus 

' and cause the air extracted from 
the jar to pass through a little 
lime-water in a second jar (see 
Part I, Fig, 74) attached to the shorter iube by means 
of rubber tubing. The almost immediate production 
of turbidity in the lime-water is an indication that the 
air in the jar contained a large proportion of carbon 
dioxide. 

122. The plants concerned in the production of 
these and similar changes are known under the general 
name of bacteria. Th'ey are unicellidar organisms 
which are quite" invisible to the naked jeye, the largest 
being about 0-05 mm. in diameter, while forms are 
known smaller than 0-0005 mm. Bacteria are classified 
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according to their shapes. Thus those with cells of long 
rod-like form are called bacilli, rounded cells are 
termed cocci, arid wavy or Curved forms are known as 
spirilli. Vast numbers of bacteria occur in Nature, 
being founcj in the' air, in soil and in va-te^- Many 
forms are of the greatest service to animal and vegetable 
life in general, while others are the cause ^ diseases 










/I'lg. 75: xlOOO. 



in both animals and plants. To the former class 
belong such forms as the nitrifying liacteria which . 
assist in breaking .down nitrogen compourids into 
simpler substances of value to plants -as food, while 
among the latter are the bacilli of anthrax, consumption, 
cholera and many other devastating forms of sickness. 
In Figs. 75, 76, and 77, three varieties of bacteria 
are shown, all being very highly magnified. Fig. 75 
represents a l^acillus which causes diphtheria; 76 a 
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coccus, and 77 the cholera vibrio, a spiriUum, also 
known as a "comma" baciUus. 




e. 76. xlOOO. 




Fig. 77. xlODO. 

123. In order that bacteria may flourish, it is 
essential that they shall find food of the character 
which suits them, that the temperature shall be between 
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certain limits, and that moisture shall be present; 
In the absence of a food supply, bacteria enter upon 
a resting stage. .The cell§ cease groyy^th but do not 
die. If, at a later period, they find themselves in more 
favourable quarters with regard to food, they spepiJUy 
begin growing and reproducing their kind. 

The most favourable temperatures f Or the gro'^^'th 
of bacteria lie in general between 20° and 37° C- 
Growth and reproduction ^ li^ cease entirely when 
the temperature rises or falls beyond these Hmits, but 
become of, less vigorous character. , At the freezing- 
■point all active increase stops, but the organisms, are 
not killed by frost. Rise of temperature causes de- 
crease of vital activity and at temperatures between 
70°- and^ 80° C the majority of bacteria are killed. 
Exposure to a temperature rather above that of 
boiling water .for some minutes. destroys nearly all the 
remainder, but the forms most resistant to the action 
of l^eat require exposure for some ten minutes to a 
temperature of about 120° C. 

In the absence of moisture, growth does not occur, 
but the micro-organisms are able tO withstand long 
periods of drought without losing tieir power of again 
commencing growth when more favourable conditions 
ensue. ' 

124. It riiay^ be Well to attempt some simple' 
experiments in order to bring out more fully the points 
enumerated above. The necessary materials may be 
inost conveniently procured for a small expenditure 
from any of the firnas dealing in chemical apparatus, 
since the preparation of most of them in suitable 
condition requires considerable manipulative skill and 
more time.than can usually be spared by: the studeiit. 
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Nutrient gelatine is made by adding to specially 
prepared beef broth or "bouillon" about 10 per cent 
of the finest gelatine. On cooling, the whole mass 
sets to a firm jelly. This jelly is sterilized— freed from 
living bacteria— by exposure to a high temperature 
and is sold in tubes which are stoppered with a wad 
oF cotton wool. This wad must be left in the tube 
until it is necessary to pour the contents into another 
vessel. 

A Petri dish consists of two small glass dishes of 
special make which just fit over one another, as shown 
in Fig. 78. The sterilization of such a dish is effected 



Fig. 78. 

by placing it in a hot air oven and gradually raising 
the temperature of the oven to about 170° C. The 
dish should be allowed to remain in the oven at this 
temperature for at least one hour. 

Experiment 148. Place a tube of nutrient gelatine 
in a beaker of water upon a tripod stand and gently 
heat the wat«r. 

When the gelatine has melted, remove the flame 
and allow the temperature of the water to fall to 
about, 45° C. Place a sterilized and cooled Petri dish 
in readiness near the tube, remove the latter from the 
hpt water, and pass the end of the cotton wool plug 
through a Bunsen flame. Blow out the flame of the 
burning wool^ remove the plug^ and quickly pour the 



Preservation of Food. Disinfection 249 

contents of the tube into the Petri dish, holding the 
cover over the dish while doing so. Allow the dish 
to stand in a cool place until the gelatine has solidified. 
N"ekt remove the upper part of the dish and allow 
the gelatine to remain exposed to the air of the 
laboratory for 15 minuteg. Replace the cover and 
keep -the dish in a warm place fot two or three, days. 
At the" end of that time- examine the appearance of 
the "gelatine. It will be found to be covered with 
small whitish spots, among which may sometimes be 
seen a few coloured masses. Each spot usually 
represents the progeny of a single biacterium which v 
has fallen on the plate during its exposure to the air. 
These groups of bacteria are known as colonies. By 
similarly exposing a number- of plates for equal intervals , > 
in , different locahties, an approximate idea may be 
gained of the comparative freedom from bacteria of 
the atmosphere in the locahties tested. 

ExPEEiMBKT 149. Prepare a second steriMzed Petri 
dish. Remove the cover and pour in a drop of ordinary 
tap-water, keeping the cover over the lower part -of 
the dish while doing so, in order to prevent as far as 
possible any contamination by bacteria from the air. 
Prepare a test-tube of nutrient gelatine at about 45° C, 
and pour the gelatine into the dish. Rotate the dish— e 
a|ter covering it— so as to mix the water ^and gelatine 
as thoroughly as possible. Allow to stand for two 
days as before and note the appearance of colonies of 
bacteria as the result of the growth of those origiaally 
contained in the tap-water. , 

fi?:PERiMENT 150. Prepare some sterile water by 
boUing some distilled water for an hour in a large, 
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flask, the mouth of which has teen closed lightly with 
a plug of cotton wool. (The cotton wool acts as a 
filter for the bacteria, which are unable to pass through 
a layer of a centimetre— or even less — ^La thickness.) 
Sterihze two 100 c.o. flasks, provided with glass stoppers, 
in the hot air oven as described for the Petri dishes. 
Four pipettes of a capacity of 1 c.c, each with a small 
cotton wool plug near its upper end, should also be 
steriUzed in the same way. (Satisfactory pipettes may 
be made by drawing out a piece of ordinary glass 
tubing, breaking off the drawn-out portion, and 
rounding off the jets in the Bunsen flame. The 
graduation of such a pipette may be effected by closing 
;bhe jet with a small piece of paraffin wax and weighing 
the pipette. Water may then be allowed to run in at 
the open end from a piece of capillary tubing until 
the weight has increased by one gram. A scratch may 
then be made on the tube with a triangular file at the 
level of the bottom of the meniscus.) Test the sterility 
of the sample of water obtained as above by r unnin g 
1 c.c. by means of a sterile pipette into a sterile Petri 
dish, adding the contents of a tube of nutrient gdatine, 
and allowing the dish to stand for some days. 

With a sterile pipette, run 1 c.c. of milk into one 
of the 100 c.c. flasks. Ffll the flask to the mark with 
sterile water, replace the stopper and shake well. 
Using the second sterile pipette, transfer 1 cc. of th« 
diluted milk to the second 100 c.c. flask and fill up 
with sterile water ^.s before. Shake thoroughly. This 
flask now contains milk which has been diluted 10,000 
times, i.e. each c.c. of the contents of the flask contains 
0-0001 c.c. of milk. 

Use the fourth sterile pipette to transfer 1 c.c. of 
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the highly diluted milk to a Petri dish, add the contents 
of a tube 'of nutrient gelatine, and allow to stand for 
two days. A large number of colonies will probably 
be foimd upon the gelatine at the expiration of this 
period. If they are liot, too numerous, try to co'unt 
them. The result of the counting, multiplied by 
10,000, will give an approximate idea of the number 
of bacteria contained in 1 c.c. of -the original milk. 

The number thus obtained will in all probability 
strike the observer as being veryjarge. Most of the 
f onns present are, however, quite harmless to the human 
organisja.' The ijumber found in 1 c.c. of a good sample 
of milk may be less than 10,000, while in samples 
which have been subjected to contamination or kept 
for some time at a fairly high temperature, the number 
per c.c. may be as high as 2,000,000. 

125. In order to discdyer the actual nature of the 
Tbacteria present in any given sample of food, further 

examination is necessafy. By means of a .sterilized, 
platinum needle, a minute portion of a colony is removed 
from a plate and a tube containing a nutrient medium 
is "inoculated" by smearing the surface of the medium 
with the needle. Several tubes containing different 
media may be prepared in this way. From the 
observations of the liebaviour of the bacterium towards 
the various media, >it may be roughly classified. 
A sample is also examined, after staining with a suitable 
stain, under a very high power of the microscope. 
After carcif 111 investigation in this manner, the actual 
character of -the bacterium may usually be determined. 
Such work is only of value when performed by skilled 
observers, and further desciiption is beyond our scope. 

126. In examining the appearance of the nutrient 
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gelatine after cultivation as outlined in the preceding 

experiments, the observer wiir probably have noted 

some patches of comparatively large size and of a 

somewhat woolly appearance. These may be white, 

pale green, blue, reddish, pr otherwise coloured. Such 

growths are not due to bacteria, but to the propagation 

of higher members of the class of fungi. These are 

generally grouped together under the term "moulds". 

The rapid appearance of patches of mould on foodstuffs 

left exposed to the air for 

a few days is a matter of 

common observation, They 

are caused by the settling 

of minute cells, termed 

"spores", which are carried 

by air-currents from other 

specimens of these lowly 

plants into all parts of the 

atmosphere. The purest 

country or seaside air is 

not free from such spores, 

which are so, extremely "'^ j^ 79 

light that they only settle 

very slowly even in still air. Like bacteria, these 

fungi are either parasitic, i.e. vable to Hve only upon 

other livingmatter, or sapropljytic, i.e. their food consists 

of dead organic substance. The moulds belong to the 

class of saprophytes, while somewhat similar parasitic 

forms cause many troublesome disease^ in some of our 

most valuable food-plants. 

The common pale green or bluish mould which soon 
appears on jajn, bread, cheese and other foods may 
be taken as a typical example. Its systematic name is 
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Penicillium glaucum. Examination under tiie micro- 
scope reveals it as composed of a network of fine 
threads orhyphae, known as the mycelium (m in Fig. 79). 
From certain parts of the myceKum erect stalks arise,- 
. termed aerial hyphae. These bear upon , their upper 
end^ branches ending in clusters of small spherical cells. 
These are th^ spores, which may be compared to, the 
seeds oi higher plants. They are marked by an s in 
the diagram aiud, in the case of Ptenicillium, are strictly 
termed gonidia. l^he bluish colour of the mould 
is due to these gonidia. The~mature gonidia readily 
-break away from the parent plant atid are carried by 
the air to other quarters. Should suitable, foodstuffs 
be there present, each gonidium begins to grow and 
rapidly develops into a repUca of its parent. 

The presence of moTolds is an indication of decay, 
and in general, foods which have become mouldy should 
not be esiten. In, some cases, however, the growth of 
the mould] develops flavouring matters in the food 
which render it agreeable to some palates'. Thus some 
forms of cheese are no.t usually eaten until mouldiness 
has set in. , ' 

127. Those forms of bacteria which produce disease 
■are grouped under the heading of "pathogenic" 
organisms. Their presence in food is, . of "^ course, 
greatly to be deprecated. Tlie ideal, food would be 
entirely free from such bacteria, but in practice it is 
extremely difiicult to preVent completely their entry 
into food. In order to guard against trouble arising 
from their presence, many methods have been devised 
for the sterilization of foods. In such sterilization, 
. however, it must be remembered that all bacteria, 
both helpful and harmful, are destroyed, and the 
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nature of the foodstuffs is usually changed to some 
extent. 

From what has been already said, it willbe inferred 
that subjection: to the temperature of .boiling water, 
followed by the prevention by suitable means of furthra; 
infection, is the best method of preservation of food. 
It is largely made use of in keeping many fonns of 
food, e.g. jams, tinned meats and vegetables, and 
bottled fruits. In jam-making, the large amount of 
sugar added acts to some extent as a preservative, 
and it further assists by causing the temperature of 
the boihng jam to be higher than that of boiling water, 
thus effecting the destruction of any germs present in 
the fruit with greater certainty. In the operation of 
tinjiing food, the meat is placed in the tin after a pre- 
Umihary cooking, and the hd is soldered down, a small 
hole being left misoldered. The tui and its contents 
are placed in a boihng solution of the chloride of zinc 
or of calcium, and allowed to remain tUl steam no longer 
escapes freely from the hole. The temperature of the 
zinc chloride solution is considerably above 100° C, 
thus ensuring the complete displacement of any air 
contained in the tin by steam. WhUe still hot, the 
hole is soldered up. The contents of such a tin, 
properly prepared, will remain good for years. Should 
the^ heating have been insufficient, the bacteria^ re- 
maining alive will soon begin growing and reproducing 
their kind. Their vital activities wiU be attended by 
the production of gases, which will exert increased 
pressure upon the interior of the tin, causing it to 
bulge. On opening such a tin, there will be an outrush 
of the imprisoned gas, while a tin in good condition, 
on being opened, will show the opposite effect. 
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Exercise for Student. 

Why does air enter a. tin yrhen the latter is opened, provided 
that it has been filled under proper conditions ? ^ 

128. Since the growth of bacteria is checked by 

a low tMnperature, it is possible to parevent the decay 

of foods taking place with its usual rapidity by keeping 

the food sufficiently cool. Milk is thus kept sweet 

-during hot summer w;eather. If allowed to att9.in the 

temperature of its surroundings, bacterial growth is 

rapid, with the consequent formation of lactic acid in 

. considerable quantities from the lactosb' present, ^nd 

the milk soon becomes sour. If cooled to a temperature 

-of 50°F. (^ 10° C), or less, as soon as practicable 

after being drawn from the cow, and kept cool until 

consumed, the milk is- available for a much . longer 

time as a palatable and wholesome article of dieti 

Large quantities of meat are preserved in similar 
fashion, and much of the meat sold in this country 
"has Jbeen brought fyom America, Australia, or New 
Zealand in ships fitted witji special refrigerating 
chambers, in which' the carcases are kept at a tempera- 
ture at or just above the freezing-point for long periods. 
Such meat is quite wholesome, but it must be re- 
membered that the bacteria are not killed by refrigera- 
tion, and ijapid- growth is usually set up as soon as the 
meat leaves the cooHng apparatus. Hence it should 
be cooked imlnediately, if decay and its consequent 
dangers are to be avoided. 

Another method sometimes practised for preserving 
meat depends upon the inhibition of bacterial growth 
by the absence of. moisture. Thorough drying of the 
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meat, either by artificial iieat or by that of the sun in 
hot countries, will tend to keep meat swefet for much 
longer periods than is the case with' imtreated flesh. 

,139. Many chemical substances serve to retard 
the increase of bacteria while being more or less harmless 
to animal life. Under this head come such processes 
as salting of meat by immersion in brine or solutions 
of other salts, such as nitre (potassium nitrate), 
treatment of meat by injecting preservativp fluids, 
^ e.g. brine or solution of alum, and also the apphcation 
of preservative substances, such as borax and boric 
acid, salt, sugar, and saMoyhc acid, to the articles 
requiring preservation. Foods treated in either of 
these ways are not as suitable for human consumption 
as the same foods in a fresh state. Preservation should- 
only be resorted to when circumstances render it 
necessary and never as a means of disguising the 
staleness and incipient decay of any article of diet. 

It should further be noted that the preservative 
effect of the above methods of treatment is not 
permanent, and the consumption of such foods may give 
rise to serious ailments if they ar^ not used while 
comparatively recently treated. The added substances 
do not entirely prohibit bacterial life but greatly retard 
it and the effect becomes less with lapse of time. 

Many of the preservatives which may be used are 
in themselves dangerous to life. In large doses such 
a substance as salicylic acid is poisonous, and even 
borax and boric acid are said to bring about digestive 
disturbances in certain cases. , The use of so powerful 
a poison as copper sulphate solution to cause preserved 
peas to retain a bright green colour cannot be too 
strongly condemned. 
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The influence of preservatives' upon bacterial growth 
may readily be illustrated by a simple experiment. 

Experiment 151. Procure a pint of fresh milk, 
place it in a clean stoppered bottle and shake the 
bottle so that the various constituents of the hailk may 
be well mixed. In each of four separate clean glass 
bottles, provided with glass stoppers, measure out 
100 c.c. of tbe well-mixed milk. Close one bottle and 
put it on one side. Weigh out 10 g. of borax,^ place 
it in a 100 c.c. graduated flask, add water to the mark, 
and shake till aU the salt has dissolved!' 1 c.c. of 
this solution will contain 0- 1 g. of borax. To the miU^ 
in a second bottle add I c.c. of the solution by means 
' of a pipette (see previous experiment) and replace the 
stopper. Shake the bottle gently to distribute the 
preservative solution throughout the liquid. • Add 5 c.c. 
of borax solution to the milk in the third bottle, and 
lO c.c. to the contents of the fourth. Shake gently, ■ 
label each bottle suitably, and put all the bottles in 
a safe place. Examine the contents of each bottle at 
the end of 24 hours. Note especially whether the smell 
of the milk has become unpleasant and whether there 
is any sign of curdling. Record the results of your 
examination. Similarly inspect the bottles daily until 
each contains two distinct layers of fluid. 

It will be, found that the untreated milk first shows 
signs of decomposition, and that those containing 
preservative become sour in order, commencing with 
that to which the least quantity of borax was added. 

If time pjermit, a rough comparison of the number 
of bacteria present in each sample at the end of a 
given time — say three days— may be made by shaking 

H. I), s. 11. ■ ' ~ 17 
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the contents of each bottle and then treating 1 c.c. of 
its contents as described for fresh milk in Experiment 
150. In the case of the untreated milk it may be 
advisable to dilute three times instead of twice, in 
order that the number of colonies may not be too 
large to estimate with fair accuracy. 

The souring of milk is due to the action of several 
bacteria, of which the lactic acid bacillus is the most.„, 
important. These organisms are able to act upon the 
lactose in the milk in such a manner that it. is changed 
into an acid, known as lactic acid. We have already 
seen that the casein of milk is coagulable by acids 
(see Experiment 143). When the proportion of lactic 
acid produced is sufficiently high, a curd is formed. 
This is evidence that bacterial growth, has taken place 
to a considerable extent. The longer time taken for 
the formation of curd in the case of the preserved, 
milks illustrates the retarding influence exercised upon 
the vital activities of bacteria by the presence of a 
chemical preservative. The proportions of borax added 
in the two latter cases are greater than usually practised 
by either fraudulent dairymen or unwisely economical 
householders, since it is rarely the case that it is desired 
to keep milk sweet for longer periods than one or 
two days beyond the normal time. 

130. Closely alhed with the subject of food 
preservation is the question of the prevention of the 
spread of communicable diseases. Nearly all these 
have bee^i shown to be directly concerned with the 
presence of specific bacteria in the tissues of the person 
affected. These also may be found in healthy persons, 
but their existence in such cases is usually brief, since 
the conditions are not favourable to their growth and 
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reproduction, ^hould they find their way into the 
tissues of a person predisposed by certain weakening 
influences so as to be uiiable to withstand their attack, 
their increase sets up the disease with which they are 
specially connected. 

The discussion of, the various methods by which 
the bacteria are disseminatecj is beyond the scope of 
this book, but it n^ay be briefly stated that some are 
carried by the air, others enter the body in water used 
for drinking, others are transmitted by way of clothing, 
books, furniture, and similar articles which have been , 
used by, or otherwise come into contact with a previous 
sufferer from disease, while flies, mosquitoes and even 
larger animals have been shown to play very important 
parts as carriers of disease germs. ' ' 

131. One of the most important factors in the 
prevention of the spread of communicable diseases is 
provided by the methods of disinfection in general use 
in civilised countries. It will be well to explain the 
meaning of some terms used in this connection before 
proceeding further. A disinfectant is a substance which 
is capable of destroying the bacteria or germs which 
cause disease. - The name "germicide is sometimes given 
to such bodies and it should be reniembered that a 
true disinfectant is always a germicide. An antiseptic 
is a substance which is able to stop, either partially or 
entirely, the growth of germs. The latter are not 
necessarily killed and may later find themselves under 
favourable conditions for growth and in consequence 
may possibly cause a further outbreak of disease. 
A deodorant, as its name iihplies, is merely a substance 
which is capable of masking the unpleasant smeUs 
which frequently accompany the progress of certain 
' ' 17—2 
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diseases. It may not have the slightest effect upon 
, the bacteria and is quite useless as a preventative of 
further infection. The word aseptic is also of frequent 
occurrence in dealing with surgical treatment. It refers 
to the method, first introduced by Lord Lister, of 
carrjdng out aU surgical operations, however slight, in 
such a manner that the entrance of bacteria into the 
affected part is impossible, since all appliances and 
materials used are so treated beforehand that bacterial 
life is absent. The severe inflammation which was 
the general accompaniment of almost all operations in 
earMer surgery, and was the cause of much unnecessary 
suffering and loss of life, is now almost unknown. 

In the succeeding paragraphs the use and value 
of various substances for the purpose of disinfection 
will be dealt with. It must be clearly understood that 
protection against disease is only afforded by the use of 
suitable disinfectants of proper strength and that the 
idea, still prevalent to a considerable extent, that anti- 
septics and deodorants are of avail in this connection is 
quite misleading and may be the cause of serious trouble. 
132. First on our Hst of disinfectants come the 
cheapest of all, sunlight and fresh air. Though of 
least cost, they are nevertheless of the highest efi&ciency. 
Many disease germs are tmable to exist in bright light 
and others are killed by oxygen. The former statement 
may be proved by a simple experiment. A culture 
tube cdntaining pathogenic organisms is covered with 
several layers of black paper in which a small hole 
has been cut. After allowing the germs to remain under 
suitable conditions for growth for some days, the 
part of the tube beneath the hole being exposed to 
sunlight, it is found that growth has taken place 
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freely in the darkened portions' of the medium, while 
it has been stopped in that which has been exposed 
te the light. That many disease germs will not grow 
in the presence of air or oxygen is shown by the fact 
that, in order to obtain cultures of them upon the 
usual nutrient mpdia, the air, or at least the oxygen, 
within the culture tubes has to be removed in order 
for growth to ta;ke place. Evidently the free entrance 
of light and air into dwelling-houses is of the greatest 
service in combating disease. The greater prevalence 
of infectious diseases amOng the poorer members of. 
the community, who are housed under conditions 
which sometimes prevent the due proportion of light 
and air from, entering their dwellings, and who are, 
moreover, often ignorant of the beneficent effects of 
open doors - and windows, tends to show that this 
argument is sound. 

We have already learnt that bacteria are destroyed 
by exposure to a high temperature. This observation 
finds apphcation in many ways. All articles of little 
value which have been contaminated during theprogress 
of an illness of an infectious nature should be burnt. 
In this way the destruction of any adherent bacteria 
is rendered absolutely certain. It would perhaps be 
weU if this treatment could be appHed to all articles 
which have been exposed, to infection in the case of 
the more serious communicable ailments, but such a 
counsel of perfection can scarcely be carried out at 
the present day. Everything which has come into 
close vpersonal contact with the victim of the disease, 
such as articles of clothing and bedding, and all other 
articles which will hot be harmed by the treatment, 
e.g. curtains and window-bHnds, should be subjected 
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to the action of saturated steam for a length of time 
sufficient to raise the temperattire of the innermost 
parts of the articles to a temperature equal to that 
of the boihng-point of water. Five to ten minutes 
exposure to steani at 100° C. is usually sufficient to 
kill even the highly resistant spores of certain bacteria. 
Articles so treated should afterwards be dried thoroughly 
by the action of a current of air at a high temperature. 

Hot air, if dry, has been found to- be much less 
efficacious than steam as a germicide. When its use 
is rendered necessary as a substitute for steam, as 
in the case of books and other articles which would 
be destroyed by exposure to steam, its application 
must be prolonged. Roughly speaking, the number of 
hours exposure to hot air should be about the same as 
the number of minutes required for steam disinfection. 

The expression saturated steam used above may 
require some explanation. When steam is generated 
in the open air, its temperature is practically the same 
as that of the boiling water from which it is escaping. 
A very sUght lowering of temperature is sufficient to 
condense such steam completely. When water is 
boiled under pressure, the temperature at which 
ebullition occurs is raised and the temperature of the 
escaping steam is raised to the same extent. Steam 
produced under such conditions wiU still condense if 
the temperature be lowered however slightly. Both 
kinds of steam just described are termed saturated. 
The temperature of steam may be xaised in a different 
way from that just described. By boiling water under 
atmospheric pressure and then passing the issuing 
steam through a glass or metal tube heated to a 
temperature above 100° C, the steam may be made 



Preservation of Food. Disinfection 263 

hotter to any desired extent. Such steam is termed 
dry or superheated steam, and will not condense to 
water as the result of a slight lowering of temperature. 
The temperature must faE to that at Svhich the steam 
was generated before condensation occurs. 

The above statements may be roughly illustrated 
by a very simple experiment. 

ExPEEiMENT 132. Pit up the apparatus shown in 
the annexed figure. The water in the flask may be 
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made to boil gently and the escaping steam at the end 
of the copper tube lying above the Ramsay burner will 
be found to condense almost as soon as it lea,ves the 
tube, as shown by the formation of the familiar cloud 
of minute drops of water quite close to the end of the 
tube. Now light the burner beneath the copper tube 
and note the change in the distance which separates 
the cloud qf condensed gteam from the end of the tub©- 
as_ the latter rises in temperature. It will be seen that 
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this distance increases considerably with rise of tem- 
perature and at length becomes of practically constant 
length. Evidently the dry steam now escaping from 
the tube takes a longer time to cool to its condensing 
point than does the saturated steam which was first 
passed through the tube. 

On the large scale, as in mimicipal disinfecting 
stations, saturated steam under pressure is commonly 
used for disinfecting bedding, blankets, and similar 
articles. The advantage of saturated over superheated 
steam lies ia the readiness with which the former 
condenses, giving up simultaneously its latent heat of 
vaporisation and. thus raising the temperature of the 
bodies in contact with it much more rapidly than is 
the case with dry steam. The condensation of a large 
volume of steam,, further, results in the formation of 
a very small quantity of water. This causes a con- 
siderable reduction of pressure within the disinfecting 
apparatus and makes the succeeding quantities of 
steam rush more rapidly into the interior of the articles 
and consequently raises their temperature at a greater 
rate. 

133. The disinfection of rooms in which patients 
suffering from commimicable diseases have been treated 
is usually performed by fumigation. AU paper should 
be stripped from the walls and" burnt. AU cupboards 
and drawers should be opened to their fullest extent 
and all furniture removed from contact with the walls. 
The chimney and window sashes should be stopped up 
as completely as possible, as should the cracks around 
the door after the disinfection has been started. The 
gases in general use for fumigation are sulphur dioxide 
and formaldehyde. The former is obtained by burning 
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sulphur in a vessel placed over a larger vessel containing 
water, in the middle of the room. About one pomid of 
sulphur may conveniently be burnt in this Tv^ay and the 
weight of sulphur required for satisfactory disinfection 
of the room wiU depend upon the size. It is usual to 
burn about 3 lb. of sulphur fpr e?ach 1000 cubic feet. 

' Each pound of sulphur used is best placed in Si separate 
vessel and the various vessels distributed about the 
floor of the room. After -the room has bden sealed for 
at least 24 hours, the door and windows should be 
opened fully and the room thoroughly flushed with 
fresh air for several hours. 

li'brmaldehyde may be obtained in a condensed 
form as paraformaldehyde. This is a solid and requires 
vaporisation by heating with a spirit or other convenient 
lamp. In practice, the best i^esults are obtained when 
the substance is vaporised in a special form of apparatus. 
The room should be carefully closed and the vapour 

, allowed to. act for some hours. Preliminary spraying 
of the walls and: floor of the room with a dilute 

'solution of formalin is of service in effecting complete 
disinfection. Formalin is the trade name for a 40 per 
cent solution of formaldehyde. 

Gaseous or "aerial" disinfection, as the above 
process is sometimes termed, is not entirely satisfac-. 
tory and should be followed by a thorough washing 
of the floor, walls and ceiling with a strong solution 
of a good disinfectant.' For this purpose, mercuric 
chloride (corrosive subhmate) is perhaps the best 
substance to use. A solution of this salt containing 
one part-of salt in 1000 parts of water is strong enough 
to kill bacteria. The great objection to its use is that 
it is an extremely virulent poison. The danger of its 
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being accidentally taken intemaUy may, however, be 
largely got rid of by mixing a quantity of a strongly 
coloured liquid with the corrosive sublimate solution. , 
Copper sulphate answers very well. A stock solution 
may be prepared for use containing 1 oz. of the chloride 
dissolved in a quart- of hot water to which about the 
same weight of copper sulphate has been added._ For 
use, this solution may be diluted 25 times, say, one 
quarter of a pint to a small bucketful of water. Since 
the chloride readily attacks metals if kept in contact 
with them for any length of time, the stock solution 
should be stored in a clear glass bottle, labelled "poison ". 
Where a municipal station is not convenient, clothes 
and bedding may be steeped in the diluted solution 
for 24 hours and then washed and dried in the usual 
way. Floors, walls and ceilings may be washed with 
the solution, as also may all woodwork. 

134. Many of the. modern substances sold as 
disinfectants are derived from the by-products of gas 
and coke works. Some of these bodies are quite 
satisfactory as germicides and are somewhat safer to 
use than is the chloride of mercury. Izal, cyUin, lysol, 
and carboHc acid (phenol) may be mentioned as among 
the best. They may be used for disinfecting clothes 
and bedding and as washes for floors, walls and 
furniture. Phenol and izal should be of about five per 
cent strength, i.e. diluted with about 20 parts of water^ 
while cyUin and lysol may be made up of lesser strength, 
one to two per cent. 

AU strong acids and alkalis and many solutions. of 
salts are fatal to bacterial Hfe, but their use is extremely 
limited since they are powerfully corrosive in action 
and readUy destroy fabrics, wood, and other substances 
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of organic brigin, as well as many metals, when allowed 
to remain in contact with articles made of the above 
for a length of time sufl&cient to ensure disinfection. . 
The use of chlorine as a disinfectant is attended with 
similar disadvantages, while its poweffiil action upon 
the human economy renders it a most dangerous 
disinfecting agent except in skilled hands. Hydro- 
chloric acid is a powerful disinfectant and may be used 
for cleaning the traps of water .-closets, where these 
are free from metallic parts, A mixture of the strong 
commercial acid with twice its bulk of water, if allowed 
to stand in the trap for a few minutes, will effectually 
destroy all bacteria and remove all unpleasant deposit. 
Condy's fluid — a solution of the manganate and 
permanganate of sodimn — is also of service in this con- 
nection. It should -lie, used in such quantity that a 
distinct pink coloration , remains at the end of ten 
minutes after it has been poured into the trap. 

Numerous other substances are 'sold as disinfectants 
and are of varying value in this respect. Those which 
are iii the form of powders are of little use as. true 
disinfectants but are very serviceable as deodorants 
and have, in many cases, considerable antiseptic 
properties. Where any do'ubt is felt as to the relative 
vi,lue of any of the commercial preparations, it is best 
to follow the advice of a physician or a responsible 
chemist. The indiscriminate use of a well-advertised 
-preparation may produce a false sense of security whUe 
the actual (jBgree of safety attained may be vanishingly , 
small. 

,135. The method of sterilization- of water con- 
taining harmful bacteria is of great importance. From 
what has already been menticmed, it is dear that the 
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simplest method is to boil the water, or, if a very high 
degree of purity is required, the process of distillation 
is employed. For small quantities of water, these 
methods are admirable, but the cost of the necessary 
fuel renders them less suitable for the treatment of 
water in bulk. 

Efi&cient filtration wiU remove bacteria if proper 
attention be given to the cleansing and sterilization of 
the filtering medium. (See Chapter v.) 

Where the application of any of the above methods 
presents difficulty, recourse may be had to the use of 
chemicals as sterilizing agents. Of these, chloride of 
lime is simple in use and costs less than others some- 
times employed. The method recommended for its 
use in sterilizing water for the use of the army is as 
f oUows : 

"Take a teaspoonful of good bleaching-powder — 
containing at least one-third of its weight of available 
chlorine^and remove the excess of powder by rolling 
a pencil along the top of the spoon. Dissolve the 
powder in a cupful of water, making sure that all 
lumps are thoroughly broken up, and then add three 
more cupfuls of water to the solution. Stir up the 
mixture and allow it to stand for a few seconds to let 
any particles settle. (This stock solution, if kept 
tightly stoppered, may be used for four or five days.) 
Add owe teas'poonful of this milky solution to two 
gallons of the water to be purified. Stir thoroughly 
and a.llow to stand for ten minutes. This will give 
one-halt part of, chlorine to 1,000,000 parts of water; 
lib. of bleaching-powder is sufficient for 66,000 gallons " . 

It should be noted that the bleaching-powder must 
be kept in vessels wi^h closely fitting lids or stoppers, 
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since the carbonic acid, formed from carbon dioxide 
and aqueous vapour, present in the air is able to set 
free chlorine from the powder. (See Chapter x.) 

Another method which hks met with some success 
is that of ozonizing water. Ozone is a peculiar modi- 
fication of oxygen which possesses more vigorous 
oxidizing powers than' the free element itself and is 
able to kill bacteria by reason of this property. 



QUESTIONS 

1. Distinguish between a disinfectant and an antiseptic. ' Give' 
some examples of each, with reasons for your classification. 

,2." What steps would you consider necessary for the proper 
disinfection of a schoolroom after an outbreak of scarlet fever ? 

3. Describe some simple experiments whereby the presence- of 
micro-organisms in a sample of well- water may be (iendonstrated. 

4. Why does properly "tinned" cooked meat keep wholesbmie 
for a much longer period than' cooked meat allowed to remain in 
the open air? 

5. Explain clearly what is meant by each of the following : 
(fls) germicide ; (6) saturated steam; (c) superheated steam. Which 
of the latter two is the better germicide? Why? 

' ~ 6. What conditions are requisite for the propagation of 
bacteria ? Describe experiments in support of your statement. 

7. Discuss the sviitability or otherwise of the a;ddition of chemical 
preservatives to articles of food. 

8. What do you cohsider the best means of disinfecting bedding 
(a) at home ; (6) at a pubUo health station ? • < 

i9. To what do you ascribe the disinfecting properties of 
(a) sunlight; (6) formaldehyde; (c) sulphur dioxide; (d) mercuric 
chloride ? 
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10. Eau-de-Cologne is sometimes sprinkled aroimd a sick-room. 
Why is this done? Discuss the possible danger arising from this 
practice. , ^ 

11. Describe a method of obtailiing drinkable water from a 
source known to Ibe contaminated with the -prdducts of organic 
decay. 



CHAPTER XIII 

METALS IN DOMESTIC USE 

136. In previous chapters many simple experiments 
have been described in illustration of the various 
matters dealt with. In general the observations to be 
expected have been indicated and the student has not 
been required to determine independently the inferences 
that may safely b6 -drawn from such observations. 
We have in this< way made use of the results of the 
work of previous investigators and much time and 
trofible has thereby been saved. It must be remem- 
bered, however, that the earlier work upon each 
portion of our subject already considered was done by 
those who were unable to take advantage of previous 
experience in this way and hence were obliged to 
discover, for themselves the true interpretation of the 
results of their work. 

In other words, the first experiments were all of 
the nature- of research. In some cases the experiments 
were Undertaken almost by chance ; in others, a definite 
object wa^ before the minds of the workers from the 
start. Among the former class of experiments may be 
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mentioned the discovery of oxygen by Priestley, who 
was led to make experiments upon the action of heat 
on various bodies through being presented with a 
particularly fine specunen of a "burning-glass". On 
heating with the aid of this lens some mercuric oxide 
contained in a capsule floating on merciiry in a cylinder 
inverted over that liquid, he obtained a gas of which 
he writes: "But what siirprised me more than I can 
well express was that a candle burned in this air with 
a remarkable brilliant flame". An_example of research 
undertaken with a definite object in view is afforded 
by the labours of Rayleigh and Ramsay, the discoverers 
of argon. It had been noted that atmospheric nitrogen 
was always somewhat^ denser than nitrogen prepared 
by chemical methods and it was inferred that the 
difference was probably due to the presence in atmo- 
spheric "nitrogen" of a gas of greater density than 
that of nitrogen itself. A series of carefully >designed 
experiments was carried out a,nd resulted in the isolation 
of argon. Modern research is -usually of this latter 
character. 

. 137. The manipulative power and habit of close 
observation which should- have been acquired by the 
student as the result: of the work already done may 
now be rendered of service in carrying out some 
research work of an elementary character. It is 
intended that the present chapter shall consist of what 
may be considered as an outline of a possible method 
of conducting a simple inquiry into the ' suitability 
for their purpose of the various metals used in the 
construction of domestic utensils and household fittings. 
The experiments suggested to be performed are not 
supposed to exhaust the range of what may be 
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attempted; rather is it hoped that they may be found 
suggestive, and that the inquirer may be stimulated 
by their performance to attempt others independently, 
in order to elucidate completely any doubtful point, or 
to emphasize some special feature which may have 
aroused interest. The results obtained may further 
be examined with a view to the formulation of the 
necessary precautions to be observed in the choice and 
treatment of metal utensils and fittings. 

138. Among the metals utilized in the construction 
of household gear, the most important are iron, tin, 
copper, aluminium, lead, zinc, and silver. Iron is to 
be found in three forms offcast iron, wrought iron, and 
steel. The other metals may be used alone, but mixtures 
of metals, known as "alloys", are also employed for 
special purposes. Solder, consisting roughly of equal 
parts by weight of lead and tin ; pewter, three parts of 
tin to one of lead ; Britannia metal, tin with small 
quantities of copper and antimony; German sUver, 
three parts of copper with one each of zinc and nickel; 
and brass, two to five parts of copper with one of zinc, 
may be mentioned as typical aUoys. 

Before commencing our investigation we must 
carefully consider the special points on which our 
attention shall be focused, to the end that our series 
of experiments may be properly designed and that the 
time and labour expended shall be used with the best 
effect. It may safely be assumed that in order that 
articles made from the above metallic substances may 
withstand wear and tear and be suitable in other ways 
for constant use, the materials of which they are 
composed should possess the following quaUties : 

(a) They should be light and strong, with a view 
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to convenience in use and as great a measure of per- 
manency as possible. 

(6) They should be tough, so that rough handhng 
or accidental misuse may not cause ready damage. 

(c.) Their surfaces must not be sufficiently soft to 
undergo rapid abrasion during cleaning operations, and 
should preferably be of such a character that careful 
cleaning preserves the good appearance of articles made 
from them. 

{d) JFbr some purposes they require to possess 
fairly high melting-points. 

(e) They should not undergo oxidation readily,' 
either at ordinary temperattires or when heated. 

(/) Water, both cold and hot, should have little 
or no action upon them. 

{g) They should resistthe attacks of such acids, 
alkalis, and salts as may be present, or be produced 
during household operations, or be used in cleansing. 
Should they be attacked in some measure, the com- 
pounds produced should be harmless, or at most but 
very slightly noxious, to the human subject. 

It is hardly feasible to carry out experiments which 
shaU Ulustrate fully air the above points, and in the 
course outlined later some of the most important only 
wiU be considered. The investigator should obtain 
samples of as many of the metals mentioned above as 
convenient, and these should, as far as possible, be of 
similar character. The best form for general use is 
that of thin sheets, and niost metals are obtainable 
in this state. For some special purposes small lumps 
of metal are preferable. These should be as nearly as 
may be of similar size and shape. The reason for 
procuring the specimens of the various substances in 

H D. S. II. 18 
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similar forms may readily be grasped if it be considered 
tfiat it would obviously be more difficult to obtain 
a proper comparison of the effects of heat upon iron 
and tin, if the materials experimented upon were in 
one case a stout iron poker and in the other a sheet, 
of tin foil. Having procured a supply of suitable 
samples, the subjoined tests may be perforined. 

139. The first point claiming attention is the matter, 
of the construction of utensils of convenient weight. 

ExPBRiMEiTT 153. Determine the specific gravity of 
a specimen of each of the metals obtained. For this 
purpose a small lump of metal will serve better than 
a thin sheet. The method used should in general be 
that of Experiment 29, Part I. A study of the values 
obtained will give a fair idea of the relative weights 
of vessels made of similar thicknesses of material from 
the metals tested. This evidence should be considered 
in conjunction with that gained in the next experiment, 
which aims at affording an approximate idea of the 
capacity of each metal for resisting rough or careless use. 

Experiment 154. Place each of the small limaps 
used in the preceding experiment in turn upon a flat 
surface of iron or steel. A small anvil is excellent ior 
this purpose, but, failing that, the bottom of a 14 lb. 
or 28 lb. weight will serve as aji efficient substitute. 
Strike each sample several sharp blows with a hammer, 
giving each similar treatment in this respect as far as 
practicable. Note whether the metal is readily indented 
and also whether it exhibits any tendency to brittleness. 

Tabulate your observations in brief form side by 
side with those of the previous experiment. It wiU be 
well if the table be drawn up so as to include not only 
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these results, but also those of the succeeding tests. 
In this way a clear estimation of the comparative 
suitabilities of the metals for various purposes may be 
readily obtained. 

140. The influence of polishing materials may be 
tested by the method of 

Experiment 155. Small sheets of the various 
metals — say 5 cm. square — ^may be used. Weigh each 
careiully and then treat each in turn with a scouring 
medium consisting of silver sand moistened with water, 
vigorously rubbing each' piece for at least 10 minutes. 
A stiff brush may be used in conjunction with the wet 
sand. Wipe away all sand and moisture carefully 
and examine the appearance of the metal. Reweigh 
and determine the percentage loss of weight, if any, 
as a result of the scouring. 

, Repeat the above operations with fresh samples, 
using (a) whiting (finely powdered chalk) rubbed down 
with water; (6) any commercial polishing paste or 
"liquid polish". In these- latter tests use a softer 
brush or a piece of cotton or woollen fabric instead of 
the stiff brush. Examine and reweigh after treatment. 
Unless a fairly delicate balance, sensitive to a difference 
of weight not greater than 1 mg., be available, the 
reweighing wiU "probably supply no evidence of 
appreciable loss of weight, and may be omitted. 

141. The following experiment will afford some 
idea of the behaviour of the different metals when 
heated to various temperatures. 

Experiment 156.' Weigh out from one to two 
grams of each kind of sheet metal at hand. Place each 
piece in turn upon the inverted lid of a small porcelain 

18—2 
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crucible, supported upon a pipeclay lariangle on a 

tripod. Arrange the flame of a Bunsen burner at such 

a height that the tip of the flame just reaches the under- 

surf ace of the lid. Heat in- this way for five minutes. 

Note any changes which occur. Next increase the 

size of the flame a little and allow the heating to 

continue for a further five minutes. Again increase the 

size of the flame and reheat with the larger flame. 

Continue this until the full supply of gas and aiir is in 

use and the tip of the irmer blue 

cone of the flame just reaches the 

under-surface of the lid. AUow 

the heating with the full power of 

the Bunsen burner to go on for 

ten minutes. Then remove the 

burner and allow the lid and its 

contents to cool. Examine the 

metal from time to time, while 

cooling. j^ 8j 

Some points which call for 
special notice during the course of this experiment 
are as follows: 

(a) whether the metal has fused or not ; 

(6) if fusion occurs, whether further heating 
causes any part of the metal to volatilize; 

(c) whether any sign of chemical action may be 
observed, e.g. whether the appearance of the metal has 
altered in any way, or its condition been changed, 
or fumes have been produced, or the weight of the 
residue differs sensibly from that of the originid 
metal. 

The inferences to be drawn from any observations 
made are left for individual effort, as are also any 




difficulties met with in carrying out the operations 
suggested in the case of any particular metal. 
Exercise for Student. 
Suggest reasons for carrying out the heating in some such 
manner as that described -above. 

142. The action of water upon each metal requires 
the performance of a series of separate experiments 
and, from a comparison of the results obtained, a general 
statement of the behaviour of the individual metals 
may be drawn up. In this connection, reference may 
be made to Experiment 55, Cha,pter v. 

Experiment 157>. Treat similar weighed pieces of 
each metal in the form of foil as foUows; 

Put a few drops of tap-water on the centre of each 
;pieoe and allow the foil to remain exposed to the air 
until the water has entirely evaporated. Repeat the, 
addition of "water and slow evaporat;on at ordinary 
temperature several times. Examine the metal at 
frequent intervals and weigh again at the end of the 
experiment. i 

Experiment 158. Repeat thfe procedure of the 
preceding experiment, using 
{a) distilled water; 

(6) , tap-water recently boiled for 15 minutes and 
allowed to cool in a weU-filled closed vessel ; 

(c) distilled water similarly boiled and cooled. 
Experiment 159. Weigh out samples of each 
.metal^— foil preferably — and place them in vessels 
containing measured volumes of tap-water. Heat the 
liquid to boihng and continue the heating until two- 
thirds of the water has boiled away. FUl up the 
vessels witb measured volumes of fresh tap-water and 
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reheat. This filling up and reboiling shoiild be done 
several times, the total volume of tap-water used being 
carefully noted. Next remove the metal, rinse it in 
distilled water, and dry it by gentle pressure between 
filter-papefs. Note any change in its appearance and 
determine any change in weight by reweighing it. 

Make up the residual volume of water to that 
originally taken by the addition of distUled water, 
including the water in which the metal was rinsed. 
Mix the liquids thoroughly. Evaporate six drops of 
the clear portion of the resulting liquid to dryness on 
a watch-glass and compare the quantity of residue 
obtained with that left when six drops of the tap-water 
are treated in similar fashion. 

Dry a filter-paper by placing it in a steam oven for 
at least 15. minutes. Find the weight of the dried 
paper.-. Filter off any sedimpnt that may be contained 
in the vessel used above through the weighed paper, 
washing out the last traces of sediment into the filter 
with distilled water. Preserve the filtrate for further 
treatment. Dry the filter and its contents in the 
steam oven and, when cool, weigh. Replace in the 
oven for 10 minutes, cool, and reweigh. Repeat this 
treatment until the weight remains constant. Find 
the weight of the residue on the filter-paper. 

Evaporate the filtrate from the last operation to 
drj^ess in a weighed porcelain dish. Use a small 
dish and add the filtrate in instalments if its volume is 
too great to allow it all to be placepl in the dish at the 
same time. Wash out the vessel containing the fiiltrate 
with distilled water and transfer the washings to the 
dish. Use a small flame towards the end of the 
evaporation and do not contiaue the heating after the 
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last traces of water have disappeared. Weigh the dish 
and its contents when cool. Find the weight of the 
residue in the dish. 

A "blank" or " control " experiment should be per- 
formed with'tap-water alone, in order to obtain a true 
view of the nature of the action of the water upon the 
metals. Boil a quantity of tap-water equivalent in 
volume to that used above in a similar vessel, adding a 
similar volume of water to that employed for making 
good the loss by evaporation. Determine the quantity 
of sediment and the weight of matter in solution after 
thus boiling it, using the same method of procedure 
as that just described. 

Experiment 160. Repeat the treatment outhned 
in the previous experiment, using distilled water 
throughout, and checking the observations noted by 
means of a blank experiment in which distilled water 
alone is boiled in the vessel used. 

143.' In order to estimate the nature of the chemical 
action of the various/substances used or producpd in 
cooking, or employed in cleansing, upon metals, a 
similar series of experiments to those described in the 
case of water should be carried out with one per cent 
solutions of each of the substances mentioned in the 
subjoined experiment. Such solutions _will in most 
cases be much stronger than those actually occurring 
in practice, but the results will be obtained more readily 
than would be the case were solutions of lesser cou;^ 
centration employed. 

Experiment 161. Make one per cent solutions of 
the substances named in the Hst below by dissolving 
lOg. of each in distilled water and making the resulting 
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solution up to a total volume of one litre by the addi- 
tion of a sufficient further quantity of distilled water. 
Should there be any residue in any case, insoluble in 
hot distmed water, it may be neglected. Its presence 
will not affect the chemical action, and the clear solution 
may be used, leaving any sediment undisturbed. 

Test the effect of solutions prepared as above upon 
weighed quantities of each kind of metal foil, the 
solutions being first used cold, and then hot. Some 
substances which may be dissolved are 

(a) acetic acid; 

(b) oxalic acid ; ^ 

(c) tartaric acid. 

(These acids may be considered as representing 
roughly the organic acids present during the cooking 
of vegetable substances.) 

{d) . common salt ; 

(e) cane sugar; 

(/) washing-soda ; 

ig) borax; 

{J^) ordinary hard yellow soap ; 

{i) scouting soap, e.g. Sapoho; 

(h) washing-powder. 

Experiment 162. Further tests may be made in 
similar fashiofi to those of the last experiment, using 
two or more of the hquids there employed in conjunction 
with one another. As examples, try the effect of 
(a) acetic acid and common salt, 
(6) tartaric acid and cane sugar 
upon each metal. 

144. It is evidently not advisable for the individual 
student to test the effect upon the human economy 
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of the various bodies that may be produced during the 
above experiment both on account of the danger 
involved and also because some of the harmful products 
are cumulative in their action, i.e. the injurious effect 
of each successive small amount ingested is superadded 
to that of its predecessors, so that no serious result 
is produced until the quantity absorbed has reached 
a sufficiently large total to bring about troublesome 
symptoms. In general, it may be noted that the 
salts' of copper, silver, and lead are distinctly harmful, 
thosife of zinc less so,- while thpse of tin and iron have 
no appreciable harmful effect in such smaU doses as 
would occur in'ordinary practice in household affairs. 
, 145. Should the time at the disposal of the experi- 
menter be somewhat limited, it will be better to choose 
two or three suitable metals for each experiment 
suggested above and to carry out a systematic investiga- 
tion with these, rather than to attempt aU the experi- 
ments described with all -the metals. In many cases, 
comparable results, approximating to those noted in 
actual household practice, cannot be obtained unless 
the tests are sufficiently prolonged. 

On..the other hand, should time permit, a further 
series of tests, of somewhat similar character to those 
. already done, may be performed, using such substances 
as tinned iron or tin plate— made by dipping thin 
steel sheets into molten tin; "galvanized" iron-^ 
similarly produced, zinc being substituted for tin; 
electroplate — obtained by electrical action, a thin 
coherent-film of a. metal such as gold, silver, or nickel, 
being deposited upon an article made of a cheaper 
metal, such as brass or copper; earthenware; , glass; 
and enamelled iron — iron covered with a thin layer of 
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glass to which a white substance, such as tin dioxide 
or barium sulphate, or a suitable coloured medium, has 
been added. Further, the actual experiments as out- 
lined may be repeated in modified forms, the modi- 
fications introduced being those which the experience 
gained has suggested to the observer, while others of 
like character may be readily devised, whereby some 
special observation may be more prominently exhibited. 
146. Another matter deserving of attention, upon 
which some simple experimental work may well be 
carried out, is the investigation of the nature of the 
action of flame gases upon various metallic and other 
substances. Both Bunsen and ordinary luminous gas 
flames may be used and comparisons made of the 
corrosive effect of each upon the different bodies used. 
The arrangement of a suitable series of experiments 
under this head is left as a practical exercise for the 
student desirous of conducting a simple form of research 
without the aid of teacher or text-book. 



QUESTIONS 

1. Which would be the most suitable metal for the constructioii 
of a cold-water cistern — lead, iron, or galvanised iron? Why? 
Would your choice be affected in any way By the nature of the 
water supply? 

2. Would you alter your choice as in Question 1 if the cistern 
were required for hot water ? Give your reasons. 

3. Copper kettles are frequently coated internally with a layer 
of tin. What is the object of this treatment? 

4. The joints of kettles are usually sealed by means of soldering. 
Why does not the solder melt when water is boiled in the kettle ? 
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5. Suggest some objections to the use of galvanised iron as 
a material for kettles and saucepans. 

6. Metals are in general good conductors of heat. In what ways 
is this property of service in household afiairs? 

7. For what purposes would you consider enanlelled ware 
especially suitable ? Why ? 

8. Why are vessels of porcelain so little used for cooking 
utensils ? In what respects do yotf consider that their more extended 
use would he advantageous? 

9. Water-pipes are sornetimes made of lead. Why is this metal 
distinctly unsuitable for use with certain kiiids of w,ater ? 

10. What do you consider to be the value of galvanising iron 
as shown by the results of any experiments you have performed 
with this material? , - 

11. Lead is frequently used as a roofing material. To what 
qualities does it^ owe its value for this purpose ? Mention a,ny 
disadvantages which occur to you. 

■ ' 12.- Discuss the relative values of iron and aluminium as 
suitable substances ior the manufacture of saucepans and frying- 
pans. ' • 



EXAMINATION QUESTIONS 

1. What gases may be foimd dissolved in natural waters? 
Of what' service are some- of these to animal and vegetable life? 

2. Describe, the manner in which a closed combustion' stove 
heats a room. Give the advantages and disadvantages of a stove 
compared with an open fire. 

3. Give a description of a simple system of hot-water heating, 
showing clearly the path taken by the water, and giving reasons 
for its passage from one part of the system to another. 

4. Describe a method of demonstrating (o) the boUing-point, 
(6) the freezing-point, of water. - Under what conditions is the 
boiling-point seen to vary from the normal? 

5. Give reasons for the following practices : (o) surrounding ice 
with loosely woven wooUen cloth in hot weather; (i) placing the 
boiler of a hot- water system in the basement of a building ; (c) con- 
structing the back and sides of an open grate of fire-brick. 

6. In a room with closed doors and windows, and no fire, but 
lighted by gas, what differences of temperature would you expect 
to find by means of a thermometer placed in different parts of the 
room, and why? 

7. Show clearly how three methods of transmission of heat are 
concerned in the operation of heating water in a kettle over a clear 
kitchen fire. How would the time required to raise the temperature 
of the water to boiUng-point be affected by the presence of soot on 
the bottom of the kettle ) 

8. Carefully describe a method of combining the heating, and 
ventilation of a house or other building. What measures should be 
taken to ensure the sufficiency and purity of the air supply ? 
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9. Describe a common thermometer and state how you would 
proceed to test its accuracy. 

10. In what ways may the air of enclosed spaces be rendered 
unsuitable for breathing ? What are the main objects to be kept in 
view in arranging, for the proper air-supply of such a space? 

11. Describe with diagrp.ms the different ways in which a 
building may be ventilated. 

12. Explain the construction of a Thermos flask. , Why is this 
pattern of flask of service both for keeping hot liquids warm and 
cold liquids cool? 

~ 13. A house is to be. heated by open flres.r Explain with diagrams 
the kind of grate you recommend for the living-rooms, and the 
arrangement of the fire-places, chimneys, and aiif-inlets in the 
rooms which you think best to ensure efficient heating with economy 
of fuel and good ventilation. > , 

14. 'Describe an experiment tp show that air is a-,bad conductor 
of heat. How has this fact been used in the production of warm 
clothing materials ? What is the principle of the Thermos flask ? 

15. Compare the construction of a modern open grate with that 
of a modern gas stove. Which do you consider the more hygienic 
form of heating apparatus ? Why ? 

16. Describe any form of barometer with which you are ac- 
quainted. What is measured by means of this instrument ? How 
would its readings be affected by taking it to the top of a mountain 
and also by carrying it down a deep mine ? 

17. Why is it necessary that- the air of a living-room shall be 
frequently changed ? Name the chief agencies by which the required 
change is, usually effected, and describe a simple system of ventilation, 
showing clearly the parts played in it by the agencies you mention. 

18. State clearly the tests you would apply to a sample of water 
in order to discover its suitability or otherwise for laundry use. 

19. Describe a niethod of preparing suitable drinking-water 
when sea-water only is available. 
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20. How may it be shown that water is a compotind of two 
elements? Give the names of these elements and state two dis- 
tinctive properties of each. 

21. Show how a supply of pure water might be obtained from 
a muddy pond. Why is water of doubtful character rendered less 
harmful by prolonged boiling ? 

22. Name the more important substances which are found , 
dissolved in water from different natural sources. How do any 
of these substances affect its action on lead water-pipes? What 
other factors influence the action of water on lead pipes? 

23. What is meant by the terms hard and soft as applied to 
water? What waters are hkely to be hard, and why are they 
unsuitable for domestic purposes ? How can they be rendered 
suitable for use? 

24. State the substances that drinking-water may contain and 
how their presence may be explained. How would you detect the 
presence of organic matter in water ? 

25. What precautions should be taken in the storage of water 
in a house ? 

26. Sketch the apparatus you would employ to obtain pure 
water from sea-water. In what respects would such water differ 
from ordinary drinking-water, and how could it be made more 
palatable ? 

27. Water is supplied to a house by a mountain stream ; what 
measures would you take to ensure that the supply is constant and 
pure? 

28. What are the characteristics of good drinking-water ? From 
what soiKces may such water be obtained, and how may it become 
impure during storage in cisterns ? • 

29. How is coke made, and of what does it chiefly consist ? In 
what respects does a coke fire differ from a coal fire and how is the 
difference explained ? What does coal ash consist of ? 

30. Describe the principal characteristics of the two gases, 
carbon dioxide and monoxide, and how each gas is recognised when 
pure. What important difference is to be noted in the effect of 
these gases on men and animals? 
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31. If a colourless liquid were given to you, by what tests could 
you prove it to be water 1 

32. Give an account of what is seen after a fresh supply of coal 
has been placed on a glowing flre in an ordinary grate. Why are 
common grates said to be wasteful in action? 

33. Describe clearly the experiments you would perform in 
order to find out whether a given water-supply was temporarily 
hard or permanently hard, or whether both kinds of hardness were 
present. 

34. Describe the construction of a Welsbaoh burner. Of what 
service is the perforated gauze which covers the opening of such a 
burner ? 

35. What substances could you prepare, if supplied with the 
following: sulphuric acid, salt; and water? Describe fully the 
preparation of any one substance you mention. 

36. /Define the terms "acid" and "alkali." Write an account 
of any experiments you have performed in illustration of the 
properties of these substances. 

37. Describe experiments which illustrate the properties of 
either ammonia or washing-soda. Show how from these experiments 
you can infer the special cases in which each, substance is likely to 
be (a) useful, (6) harmful, it added to water and used for washing. 
How far does your practical experience bear out. these inferences? 
Give definite examples of oases where you have used ammonia or 
soda and describe the results. 

38. What properties are common to acids ? Show that these 
are exhibited by the volatile product obtained on heating saltpetre 
with sulphuric acid. 

39. Salt obtained from a salt mine may be found mixed with 
earthy matter. Describe carefuUy the various operations necessary 
for the separation of pure dry salt from the impure material. 

40. By what properties would you distinguish acids from 
alkaUs and from salts? How would you classify borax, washing- 
soda, oil of vitriol, Ume? 
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41. Describe carefully the changes which occur when (a) steam 
is passed over red hot iron nails, (6) air is passed over red hot copper. 
From which two of the substances obtained in these ex;periment8 
could water be reproduced, and how ? - . 

42. Draw a diagram of a Bunsen burner and explain its action. 

43. Give the chemical names of washing-soda, spirit of salt, 
and common salt. How would you obtain a sample of the last- 
named from the other two? 

44. Name the chief substances used as disinfectants. For 
what special purposes is each suitable ? Describe fully the method 
of using any one of those you mention. 

45. Mention three solvents which are of service in the house- 
hold and describe the method of using each. 

46. How would you remove (a) iron-mould from a pocket- 
handkerchief, (6) mildew from a towel, (c) ink stains from a white 
cotton frock ? 

' 47. How is common hard soap made? Explain the effect of 
adding some vinegar or other acid to a solution of soap. 

48. What happens when fat is boiled with caustic soda, and 
when an acid is added to the product? What is the cause of the 
curd produced when soap is used with hard water? 

49. How is ordinary hard soap made ? What alteration of the 
process is necessarjr for the production of soft soap ? 

50. How is soap made? Suggest an explanation of its value 
as a cleansing agent and describe any experimental work you have 
done which bears out your explanation. 

51. What tests would you employ in order to determine whether 
a certain fabric, supposed to be linen, contained cotton ? 

52. Why is wool usually preferred to cotton as a material for 
underwear ? How would you discover whether a given material was 
a pure woollen fabric or a mixture of wool and cotton ? 

53. What substances are produced from sugar by fermentation 
with yeast, and how can these be separated and identified ? 
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54. How can starch be obtained from flour, and how would you 
iShow that substances obtained by a sijnilar process from rice 'and 
potatoes are probably identical in composition with wheat starch ? 

55. A white, powder is suspected to be either starch or sugar. 
What tests would be necessary to establish its identity ? 

56. How is the fermentation produced by lower organisms made 
use of in the preparation of human food? 

57. How wbuld you prove the presence of carbon and hydrogen 
in such a substance as sugar, and of carbon, hydrogen, ahd nitrogen 
in cheese ? 

58. To what is the putrefaction of meat due ? By what experi- 
ments could you demonstrate the truth of your answer? What 
different means are used to preserve meat and fish for transport ? 
Show why they are effective. 

59. Why do beer and wine become sour when exposed to the 
air? Mention any other changes with which you are acquainted 
which are effected by similar agencies. 

60. How would you separate a mixture of cane-sjigar and 
I starch ? By what tests would you rpcognise the presence of each of 

these substances in solution ? 

61. How do starA, glucose, and, alcohol differ jn composition?, 
Outline the methods you would use in order to transform starch 
into glucose and, the latter substance into alcohol. 

62. Suggest a method of obtaining a sample of alcohol from 
starch. How would you know whether the hquid you obtained 
was alcohol or not? 

63. For what substances is FehMng's solution of value as a 
test? Describe clearly the method of carrying out a test with this 
hquid. 

64. Why does food exposed to the air usuallj become unfit for 
consumption after a, certain time? Mention three methods by 
which f ood^ may be preserved and state clearly the reason for 
preservation in each ^ase. 

65. Give the composition of any form of baking-powder with 
which you are acquainted. What is the function of each of its 
ingredients ? 

H. D. s. 11. ' \ , 19 
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66". The average apecific gravity of milk is 1-032. How would 
you proceed in order to discover whether a sample of milk waa 
above or below the average in this respect ? What inferences woiUd 
you draw as to the character of the milk if your result proved 
(a) high, (6) low? 

67. Explain fuUy how you would determine the density of a 
sample of milk. Of what value is this determination as affording 
evidence of the genuine character of the sample ? 

68. Describe a simple form of lactometer and explain how it is 
used. How far is a lactometer a sufficient guide in determining the 
purity of milk ? 

69. What experiments would be necessary to demonstrate the 
presence in ordinary beer of (a) carbon dioxide, (6) alcohol, (c) sugar? 

70. Enumerate all tte carbohydrates that you know of and 
mention an article of food in which each is found. Mention the 
changes that carbohydrates undergo in the alimentary canal. 

71. What are the important food-constituents of bread ? What 
changes are effected in it (o) in the mouth, (6) in the stomach ? 

72. Describe exactly how you would (a) make bread, (6) boU a 
leg of niutton, (c) make a rice pudding. Explain as far as you can 
the reason for your actions, and discuss how the digestibility of the 
substances concerned is influenced by cooking. 

73. Suggest a series of simple experiments which might be 
carried out in order to find out whether tap-water, weak brine, and 
weak solution of washing-soda had any effect upon aluminium. 



ANSWERS TO QUESTIONS INVOLVING 
CALCULATIONS 

Chapter IV. Page 104. 

8. 7s. 9d. 
10. 125 hours lighting by gas costs 3s. id. ; by electricity, 3s. 9rf. 

Chapter VIII. Page 190. 

6. 12 lb. 7 oz. (to nearest ounce) ; 12-45 pints. 
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Abrasives, 149 / 

Absolute alcohol, 211 

Acetic a,oid", commercial prepara- 
tion of, 212 ; oomparisott with 
alcohol, 214; from wood, 4; 
glacial, 214; laboratory pre- 
paration of, 212; properties 
of, 213 , 

Acetylene, as iEuminant, , 98 ; pre- 
paration of, 98 ' 

Acid soaps, 1S5 

-Aerial disinfection, 265 

Air-bricks, 53 

Air-condenser, 195 

Air-currents in living-room, 48 

Albumin, musolei 222 ; serum, 222 

Alcohol, absolute, 211; acetous 
fermentation x)f, 211 ; com- 
parison with acetic acid, 214; 
in bread, 237; in distilled 
beverages, 210; in fernipnted 
drinks, 210; inflammabiUty 
of, 205; iodoform test for, 206_ 

Alcohols, basic nature of, 215 

Ale, 208 - 

Alkalis, action on clothing mate- 
rials, 167; effect on pedesis 
of, 157; effect on whiteness 
of fabrics of, 159j emujsifying 
power of, 155 

Alloys, 272 

Alum, preservative effect of, 256 

Aluminium oxide, 149 

Ammonia, basic nature of, 227; 
combination with acids, 133; 
composition of, 225; from gas 
Kquor, 5, 11; pr^aration of, 
223; product of decay, 244; 
properties of, 224 ; solubility— 
of, 225 ; test for, 122 



Ammoniacal liquor, 11 

Ammonia-soda process, 143 

Ammonium carbonate, 5, 11; 
chloride, 5, 11; compounds, 
presence in water, 106 ; hy- ' 
drate, 11; hydroxide, 227; \ 

molybdate t,est for phosphates, 
123; oxalate test for calcium, 
• 111; radical, 227; sulphate, 
use of, 11 

Ainylopsin, 200 / 

Aniline, 11 

Animal charcoal as filtering me- 
dium, 120 

Anthracene, 11 

Anthracite, compositipn of, 1; 
dry distillation of, 6; stove, ^ 
68 

Antiseptic, 259 

Arc lamp, 101 

Argand burner, 97 i 

Argol, 217 

Argon, discovery of, 271 

Aseptic treatnient, 260 

Ash of coal, 12; of milk, 232 

-Asphalt, 11 

Bacilli, nature of, 245 

Bacillus, of cholera, ■ 246; of 
diphtheria, 245 

Bacteria, action of heat on, 247; 
as causes of disease, 259 ; 
colonies of, 249; conditions 
of growth, 246 ; dissemination 
- of, 259; in air, 248; in milk, 
estimation of, 250; in water, 
249;, in water, destruction of, 
126; method of recognition, 
251 ; nature of, 244 ; nitrify- 
ing, 245 ; pathogenic, 253 ; 
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removal from water by filtra- 
tion, 118 

Baking-powder, composition of, 
218; reactions during use, 218 

Baking-soda, 146 

Barium chloride test for sulphates. 

Barley-sugar, preparation of, 193 
Batswing burner, 90 
Beer, 208 
Beeswax, 215 

Benzene, as solvent for grease, 150, 
163; enrichment ot cjoal-gaa 
with, 92 ^ 

Berkefeld filter, 118 
Bicarbonates, test for, 112 
Bile, action on fat of, 238 
Bituminous coal, 6 
Biuret test for protein, 229 
Black ash, 142 
Black-lead^ reasons for use on 

stoves, 59 
Bleaching, by reduction, 164- of 
linen, 166; of straw, 166; 
powder, manufacture of, 138- 
solutions, 162 ' 

Blood, action of carbon monoxide 

on, 26 
Blues, laundry, nature of, 159- 

testing of, 160 
"Board of Trade unit," 101 
Boiler scale, lU 
Boiling of meat, 241 
Borax, danger in using, 266' 
effect on wobl, 168; pre- 
servative effect of, 256 

Boricaoid,preservativeeffeotof,266 
Brandy, 210 ' 

Brass, 272 

Bread alcohol in, 237; dextrin in, 
237; making, 236; raising of, 
^Ao; sugar in, 237 
Brewing, use of yeast in, 208 
Bntauma metal, 272 
British gum, 185 
Bro\^nian movement, 157 
Brushes, use of, 148 
Building materials, effect on venti- 
lation, 65 
Bunsen burner, lowering of pres- 
sure near jet of, 32; reason for 
stnkmg back of, 36 



Bunsen flame, nature without arc 
supply, 27; reason for com- 
plete combustion in, 31 ; struc- 
ture of ordinary, 30; tempera- 
ture of, 34; value of, 34 

Butter, as food, 238 ; composition 
of, 238; distinction from 
margarine, 239; -fat, nature 
of, 238; method of making, 
238; substitutes for, 239 
Butterine, 239 

Calcium bicarbonate, formation of 
108; instability of, 109; pre- 
sence in water of, 107 
Calcium carbide, 98 
Calcium carbonate, solubility in 
carbonic acid, 107; use as 
abrasive, 149 
Calcium chloride, presence in 

water, 106 
Calcium stearate, 115 
Calcium sulphate, presence in 

water of, 106 
Calcium, test for. 111 
Candle, as source of light 85- 
-flame, parts of, 27; -pj>wer[ 
M-i; reason of smoking of 29- 
standard, 92; -wick, method 
of construction, 86 ' 
Cane-sugar, action of acids on 
194; action on Fehling's solu- 
tion, 194;. crystallisation of, 
192; preparation of 191- 
preparation of barley-suga^ 
from, 193; piBparation of 
of™192 ^^^' ^"^"''''lity 

Cannel coal, 9 

^^'^oHgs' ""^'' ^^^ ' P"'P*'^«on 

Carbohydrate, definition of, 18> 

Oarbohc acid as disinfectant, ■>66 • 

from coal tar, 11 ' 

Carbon, a constituent of fuels 1 • 

filament lamp, 99; incan! 

descenceof,84,91; incomplete 

combustion of, 14; importance 

ol complete combustion of 20 ■ 

produced by incomplete com' 

bustion,28; tests for combined. 
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Carbon dioxide, as diluent of coal- 
gas, 33; as refrigerant; 25; 
effect on animal fife, 25; in 
water, action on carbonates, 
107; in water, action on lead, 
126; laboratory preparation 
of, 20 ; preparation by heating 
chalk, 23; product of brewing, 
24 ; product of combustion, 4; 
product of decay, 244;- product 
of fermentation, 204; proper- 
ties of, 21, 22; storage of 
liquid, 24 ; ventilation required 
, to remove, 43 

Carbon disulphide, 150 

Carbonic -acid, unstable character 
- of, 20 

Catbon monoxide, effect on animal 
life, 26 ; formation in coal fires, 
19; preparation from carbon 
dioxide, 16 ; , preparation from 
charcoal, 15 ; preparation f rom^ 
sodium formate, 18; properties 
of, 15, 17 

Carboxyhaemoglobinj 26 

Caseinogen, 222 

Cask fermentation, 217 

Cast iron, permeability by gases, 69 

Caustic alkali, 145; soda, uses of, 
146 

Cerium oxide, use of, 93 

Chalk, 107 

Charcoal, as filtering medium, 119,^ 
191 ; laboratory preparation 
of, 2 ; tSchnioal preparation of, 
4 

Chemical research; value of, 12 

Cheshire, saltTjeds of, 129 

Chimney as ventilator, 46, 52 

Chloride of lime, sterilizing effect 
of, 268 

Chlorides, test for, 122 

Chlorine, disinfectant action of, 
267 ; explanation of, bleaching 
by, 137; manufacture of 
.bleaching powder fropr, 138; 
precautions in handUng, 136; 

"^ prepjtration from bleaching 
powder, 139; preparation from 
hydrochloric acid, 135; pro- 
perties of, 136, 138 ; uses of, 146 

Cholera bacillus, 246 



Citrate of magnesia, 219 

Citric acid, 219 

Closed stoves, need for ventilation, 

-47. ^ 

Coagulation, 227 
Coal, products of dry distillation 

of, 12 
Coal fire, as heating agent, 58; dis- 
advantages of, 79 ; modern 
open, 59, 

Coal-gas, as illuminant, SO, 102; 

— ' burning air in, 40 ; composition 
of, 1 ; enrichment of, 9, 92 ; 
explbsiye mixtures with air, 
35 ; laboratory preparation of, 
5; manufacture of, 6; purifi- 
cation of, 9 ; treatment of by- 
products 9f, 10; volume from 
1 ton of coal, 12 

Coal naphtha, 6 

Coal tar, 11; from 1 ton of coal, 
12; products of dry distillation 
of, 11 

Cocci, shape of, 245 

Co-enzyme, 206 

Coke^ composition of, 1 ; prejjara- 
tioh of, 5;. weight from I ton 
of coal, 12 

CoUoids, 200 

Combustion, reciprocal nature of, 
39 ; supporter of, 39, 41 ; with 
copper oxide, 181 

Comma bacillus, 246 

Condy's fluid, as disinfectant, 267; 
use in testing water, 124 ' 

Control experiments, 279 

Cooking, advantages of, 235 ; by 
electricity, 82; of meat, 240; 
with oil stove,, 82 

Copper oxide, reduction by am- 
monia, 227 

Copper salts, poisonous nature df, 
.256, 281 

Copper sulphate, anhydrous, 181 f 

Corrosive sublimate, disinfectant 
properties of, 265 

Cotton, action of alkaKs on, 167 ; 
estimation in mixed fabric, 
172; microscopic appearance ' 
of fibre of, 171 

Cotton-wool as filter for bacteria, 
250 

19—3 
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Cracking of oil, 9 

Cream of tartar, 217 

Creosote, 11 

Crystallization, fractional, 214 

Crystalloids, 200 

Curdling of milk, 230, 258 

Cyllin, 266 

Dampness of walls, effect on 
ventilation, 55 

Decay, 243 ■ 

Decrepitation, 129 

Deliquescence, 130 

Deodorant, 259 

Destructive distillation, 4 

Dextrin in bread, 186, 237; pre- 
paration from starch, 185 

Dialysis, 199 

Diastase, 191, 208 

Diffusion, part played in ventila- 
tion by, 54 

Digestion, mechanism of, 200 

Diphtheria baoUlus, 245 

Dirt, removal of, 148 

Disease, prevention of, 258 

Disinfectant, 259; powders, 267 

Disinfection, 259 ; aerial, 265 ; by 
burning, 261 ; by hot air, 262; 
by saturated steam, 262; of 
rooms by fumigation, 264 

Distillation of weak spirit, 204; 
water softening by, 117 

Dolomite, 107 

Domestic hot-water supply, 74, 
79 

Dry distillation, 4 

Dry steam, 74, 263 

Eau de Javelle, bleaching powers 

of, 141; preparation of, 140 
Economiser, use of, 61 
EfSoresceuce, 143 
Egg albumin, coagulation of, 228; 

solubility of, 228 
Egg globulin, 228 
Electric arc lamp, 101 
Electric filament lamps, 84, 99, 100 
Electricity as illuminant, 102; 

cost of, 101 ; measurement of 

quantity of, 101 
Electric hghting, testing cost of, 

102 



Electric radiator, 70 
Electroplate, 281 
Emery, use as abrasive, 149 
Emulsifipation, 155 
Enamelled iron, 281 
Enrichment of coal gas, 9, 92 
Enzyme, 203 
Ether as solvent, 150 
Ethyl alcohol, commercial pre- 
paration of, 210 
Eudiometer, 43 
Explosions, 35, 37 
Explosive mixtures, 35 

Fabrics, examination of mixed, 

172 
Fat, average composition of, 221 ; 

cooking of, 237; digestion of, 

237; in milk, 231 
Fatty acids, 215 
FehUng's solution, 188 
Felt, nature of, 169 
Fermentation, 203 
Ferments, 200 _ 
Fibres, microscopic appearance of, 

169 
Fibrin, 222 
Filter, Berkefeld, 118 
Filtration of water, 117 
Fire-brick, use in fireplace, 59 
Fire-damp, 89 
Fishtail burner, 90; comparison 

with Welsbach, 96 
Flame, nature of , 26 ; "soUd," 39 
Flash point of liquid, 87 
FUes as carriers of bacteria, 259 
Food, sterilization of, 253 ; tinning 

of, 254 
Food-stuffs, classes of, 221 
Foot-warmers, 77 
Formaldehyde, disinfectant action 

of, 265 
Fractional crystallization, 214 
Fresh air as disinfectant, 260 
Fruit, preservation of, 254 ; sugar, 

191 
Fuels, composition of, 1 ; products 

of combustion of, 13 
Fungi, parasitic, 252; saprophytic, 

252 
"Fur," "no 
Fusel oU, 215 
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Galton's stove, 61 

Galvanized iron, 281 

Gas carbon,^ 10; cooking stove, 
79; lime, 11; liquor from 1 ton 
of coal, 12; meter, method 

/ of reading, 95; radiator, 70; 
stove, advantages of, 65 ; stove, 
/efficieuoy of , 64; stove, modern, 
M; works, description of, 7 

Gelatin, nutrient, 248 

German silver, 272 

Germicide, 259 

Gin, 210 

Glacial acetic acid, 214 

Glauber's salt, 141 

Glucose, composition of, 187; 
distinctive test for, 196; pre- ■ 
paration from starch, 186; 
reduction of silver salt by, 
197 J separation from honey j 
191; solubility of, 192; test' 
for, 187 . 

Gluten, absorption of water by, 
-236; in flour, 236 

Gonidia, 253 

GranulOse, 184 

Grease, removal of, 151, 163 

Ground air, 53, 107 

Haemoglobin, 26- 

Hardness of water, cause of, 106; 
degrees of, 114; rough estima- 
tion of, 113 - ,^ 

Health, effect of method of heating 
on, 58; effect of lighting on, 
85 " 

Heat and Ught, simultaneous pro- 
duction of, 57 

Heating by convection, even 
temperature produced by, 67; 
need for ventilation, 76 ; vital 
effect of, 57 ■ 

. Heating, by electricity, 70 ; by hot 
water, 71, 73; by oil, 70; by 
open stove, 58; by radiation, 
57; by steam, 74 

Hestia oven, 82 

High pressure system of hot- water 
heating, 73 

Hinckes-Bird's ventilator, 50 

Hot-water supply from kitchen 
range, 79 



House coal, composition of, 1; 

nature of, 6 
Household filters, need for cleans- 
ing, 118 
Hydrochloric acid, manufacture 
' of, 135; preparation of, 134;. 

properties of, 134; uses of, 

.146, 267 
Hydrogen chloride*, preparation 

of, 132; properties of, 132, 

133, 134 
Hydrogen, constituent of fuels, 1, 

4 ; test for combined, 181 
Hydrogen peroxide, bleaching 

powers of, 166 
Hydrogen sulphide test for lead, 

125 
Hydroxyl, 152 
Hyphae, 253 

Ignition point, 88 

Impurities in water^ tests for. 111 

Incandescence, 29, 84; of electric 
lamp filaments, 100 
" Incandescent mantle, 92 

Indigo, use as laundry blue, 160 

Indol, 242 

"Interoven" stove, 64 

Inverted condenser, 195 

Invertin, 236 

Iodine solution, preparation of, 182 

Iron mould, 160, 164 

Iron oxide, 149 _ 
'Izal, -266 

Kitchen range, modem type of, 78 

Lactalbumin, 232 
Lactic acid, 255, 258 
Lactometer, use of, 233 
Lactos'e, 191, 231 
Laevulose, 191 
Lamp chimney, use of, 97 
Lamp wicks, improved, 71 
Latent heat of soUdifioation of 

sodium acetate, 77 
Lead, action of water on, 124, 125 ; 

presence in water, 106; salts 

of, poisonous nature of^ 124, 

281 ; tests for, 125 
Leblanc process, 142 
Legumin, 222 
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Leucin, 242 

Light, transmission of, 57 

Lighting, by acetylene, 98; by 

candles, 86; by coal-gas, 90; 

by electricity, 99; by oil, 86; 

by petrol-air gas, 98; con- 
ditions for hygienic, 85 
Lime as water softener, 116 
Lime-kiln, 24 
Limestone, 101 
Lime-water test for bicarbonates, 

112 
Linen, action of alkalis on, 167; 

microscopic appearance of, 

171 
Litmus, decolorization by charcoal, 

119 
"Low flash" oil, danger of, 87 
Low pressure system of hot-water 

heating, 71 
Luminosity of flame, effect of 

dilution with neutral gas, 32 
Lymph, 238 
Lysol, 266 

Maceration, 175 

Magnesium bicarbonate, 107; car- 
bonate, 107; chloride, 130; 
sulphate, 106 

Maize starch, microscopic appear- 
ance of, 179 

Malic acid, 219 

Maltase, 208 

Maltose, composition of, 188; 
preparation from starch, 188 

Marble, 107 

Margarine, distinction from butter, 
239 ; mode of production, 239 ; 
nutritive value, 239 

Marsaut lamp, 89 

Marsh gas in mines, 89 

Meat, cooking of, 240 

Meat, preservation by drying, 255 ; 
by refrigeration, 255; by 
salting, 256 

Meker burner, 38 

Mercuric chloride, disinfecting 
power of, 265 

Metallic filament lamp, 99 

Metals, action of water and solu- 
tions on, 277, 278; effect of 
heat on, 275; effect of polish- 



ing materials on, 274; malle- 
ability of, 274 

Methyl alcohol, 4, 212 

Methylated spirit, composition of, 
150 ; low ignition point of, 88 

Methylene blue, 160 

Mild alkaU, 145 

MUk, average composition of, 232 ; 
constitution of, 233; curdling 
of, 258 ; effect of preservatives 
on, 257; examination of, 230; 
microscopic appearance of, 234 ; 
preservation of, 255 ; souring of, 
258 ; specific gravity of, 233 

Milk of lime, 117 

Milk-sugar, 191 

MUlon's reagent, 229; test for 
proteins, 229 

Miner's lamp, 89 

Mordant, 219 

Mosquitoes as carriers of bacteria, 
259 

Moulds, 252 

Mucin, 228 

"Must," 210 

Mycelium, 253 

Mycoderma aceti, 211 

Myosin, 222 

Myosinogen, 222 

Naphthalene, 11 

Naphthylamine hydrochloride test 
for nitrites, 123 

Natural waters, substances dis- 
solved in, 106 

Nessler's reagent, 122 ; tubes, 122 

Nitrates in water, 106 

Nitre, use as preservative, 256 

Nitrites in water, 106 ; test for, 123 

Nitrogen, constituent of fuel, 1; 
test for combined, 222 

Nitrogenous compounds in water. 
122 

Nutrient gelatin, 248 

Oil lamp as iUuminant, 86; in- 
candescent mantle for, 94 

Oils, distinction between mineral 
and other, 156 

Oil stoves, 70, 81 

Oleic acid, 151 

Oleomargarine, 239 
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Organic impurities in water, 122 

Osmium, 99 

Oven for oil stove, 82 

Oxalic acid, action of sulpliurio 
acid on, 216; .action on iron 
mould, J64; preparation from 
cane sugar, 216;. poisonous 
nature of, 217; properties of, 
216; reducing action of, 217; 
use in bleaching linen, 166 

Oxidising flame, 31 

Oxygen, constituent of fuel, 1 
early role in ventilation, 43 
germicidal action of, 260 
Priestley's discovery of, '271 

Ozone, sterilizing action of, 269 

Paint stains, removal of, 163 

Palmitic acid, 151 

Pancreatic juice, action on fat, 237 

Paraffin oU, ; composition of, 1 ; 
inflammability of, 87 

Parchment paper, preparatioii of, 

, 199 ' 

Pathogenic bacteria, 253 

-Peati composition of, 1 

Pedesis, 157 

PenicilUum glavrnm, '253 

Pepsin, action on proteins, 241 

Pepton,e, commercial, 230 

Peptones; 230, 241 

Permanent hardness oi water, 

' cause of, 107/ 

Petri dish, 248 

Petrol-air gas as iUumiuan't, 98 

Petroleum, products of distillation 
of, 87 ■ 

Petrol, inflammability of, 87 

Pewter, 272 

Phenol, 266 

Phosphates, presence in water, 
106; test for, 123 

Pietro^ski's test for proteins, 229 

Plenum systems of ventilation, 54 

Porter, 208 

Porter-Clark water-softening pro- 
cess, 116 ' 

Potashes, 13 

Potassium carbonate, 13; ohro- 
mate, 125; hydrogen oxalate, 
216; hydroxide, 17,^22; per- 
manganate, 124, 166 



Potato starch, microscopic appear- 
ance of, 178 

Preservatives, 256 

"Primus" stove, 81 

Producer gas, 7, 77 

Protein in milk, 231 

troteins, action of pepsin on, 241 ; 
average composition of, 222; 
coUoidal nature of, 229 ; cook- 
ing of, 240 ; elements contained 
in, _222; structure of, 221; 
tests for, 229 

Proteoses, 230 ' 

Prussian blue, use in laundry, 160 

Ptyalin, 200 

"Pungent," meaning of word, 133 

Purification of coal gas, 9 

Putty powder, use as abrasive, 149 

QuickUme, preparation of, 23; 
desiccating action of, 211, 226 
"Quick" vinegar process, 211 

Radiation, drawbacks to heating 
- by, 66 ; Law of Inverse 
Squares, 67 

Radiators, need for ventilation 
when using, 47; unsuitability 
of name, 75 

Radical, ammonium, 227; defi- 
nition of term, 152 

Rain-water, ■ dissolved matter in, 
105 

Raising of bread, 236 

Rectified spirit of wine, 211 

Reducing flame, 31 ' ; 

Research, method of arrangement, 
272;' object of, 272; sugges- 
tions for, 282 
, Respiration, organic products of, 
. 44 * 

Rice starch, microscopic appear- 
■ anoe of, 177 

Rinsing, need for thbrough, 168 

Rochelle salt, 219 

Rouge, use as abrasive^ 149 

Rum, 210 



208; 



yces ceremsiae, 
elUpsoideun 209 
Saccharose, 191 
Sal ammoniac, 5 
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Salicylic acid, danger in using as 
preservative, 256 

Saliva, action on starch, 201 

Salt, action of heat on, 129; as 
preservative, 256; -cake, 142; 
cause of dampness, 130; crys-, 
tals, 129; from sea-water, 129; 
presence in air, 131 ; rook, 129 ; 
solubility of, 130; sources of 
supply of, 128; uses of, 146 

Salting out, 153 

Salts of lemon, 217; sorrel, 217 

Sand, use as abrasive, 149 

Saturated steam, 263 

"Scrubbing" of coal-gas, 8 

Seidlitz powders, 219 

Sheringham's valve, 51 

Silicon dioxide, 149 

Silk, action of alkalis on, 168; 
microscopic appearance of 
fibre of, 171 

Silver nitrate test for chlorides, 
122; salts, poisonous character 
of, 281 

"Singing" of kettle, 109 

Skatol, 242 

Soap, explanation of detergent 
action of, 155; insolubiUty in 
brine, 153; insoluble matter 
in, 159; nature of, 115, 151; 
part played by pedesis in 
cleansing by, 157; powders, 
158; precipitated, 115; pre- 
paration of, 152; ^qft, 154; 
water in, 158; water-softening 
action of, 116 

Soaps, acid, 155; insoluble, 154 

Soap solution, preparation of, 113; 
standard, 114 

Soda lime, 223 

Sodium, flame test for, 131; 
acetate, use in foot-warmers, 
77 

Sodium bicarbonate, action of heat 
on, 144; uses of, 146 

Sodium carbonate, anhydrous, 
142; manufacture of, fiE2; 
obtained from sea-weed, 13; 
transformation into bicarbon- 
ate, 144; uses of, 116, 146 

Sodium chloride, presence in 
water, 106; teat for, 121 



Sodium hydrogen sulphate, 132; 
hydroxide, preparation from 
sodium carbonate, 145 

Sodium stearate, 115; sulphate, 
. 135, 141, 146 

Soft soap, composition of, 154 

Solder, 272 

Solvay process, 143 

Solvents, method of cleansing with, 
151; precautions in using 
volatile, 151 

Soup-making, object of, 241 

Specific gravity of metals, 274 

Spent oxide, 11 

Spermaceti, 215 

Spirilh, 245 

Spirit of hartshorn, 5, 11; of salt, 
146 

Spores of moulds, 252 

Stagnant air, removal by ventila- 
tion, 45 

Stains, removal by bleaching, 162 

Stairways, part played in ventila- 
tion by, 52 

Standard candle, 92 

Starch, action of acids on, 185 ;_ 
-cellulose, 184 ; chemical nature^ 
of, 180; composition of, 182; 
importance of cooking, 235^ 
insolubility in cold water, 183; 
maize, 179; manufacture of,, 
179; paste, preparation of, 
183; potato, 178; presence 
in foods,, 189; properties of, 
182; lice, 177; separation 
from flour, 175; structure of, 
179; use in baking-powder, 
219; wheat, 176 

Steapsin, 238 

Stearic acid, 151; precipitation 
from soap, 154 

Stemps' wicks, 71 

Sterilization of foods, 2o3; of 
Petri dish, 24S; of water, 249, 
268, 269 

Stewing, object of, 241 

Stockholm tar, 5 

Stout, 208 

Stove, Galton's, 61; method of 
waste prevention with open, 62 

Straw, bleaching of, 166 

Sucrose, 191 
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Sugar-oandy, preparation of, 192 
Sugar, presence in bread, 237 
Sulphanilic acid, use in test for 

nitrites, 123 
Sulphates, test for, 111 
Sulphur dioxide, bleacliing. action 

of, 164; disinfecting action of, 

264 
Sulphuretted hydrogen test for 

lead, 125 
Sulphuric acid, corrosive effect of, 

165 
Sulphurous acid, bleaching "powers 

of, 164;' precautious in using, 

165; preparation of, 164 
Sunlight,' disinfectant power of, 

260 - 

Superheated steam, 74, 263 

"Tank and Cylinder" system of 

hot- water supply, 74 
Tantalum, 99 
Tartar emetic, 219 
Tartaric acid, 217 
■ Teclu burner, 38 
Temperature,, suitable indoor, 45 ;' 

extremes supported by man, 45 
Temporary hardness of water, 110 
Thorium oxide, 93 
Tin dioxide, 149 
Tinning of food, 254 
Tinplate, 281 
Titanium, 99 
Tobin's ventUator, 51 
Trypsin, 242 
Tungsten, 99 
Turpentine, removal of paint by, 

J63 
Tyrosin, 242 

. tjltramarine, 160 

"'Vacuum" cleaner, 149 
Varnish stains, removal of, 163 
'Ventilation, artificial systems of, 
46, 53 ; chimney as aid to, 46 ; , 
conditions of good, 44; early 
ideas concerning, 43 ; effect of 
nature of ^uUding materials 
on, 55; effect of damp walls 
on, 55; natural systems of, 
46 ; part played by convection 



in, 46; part played by diffu- 
sion in, 54; part played by 
stairways in, 52; 'Plenum" 
systems of, 54; use of window 
in, 49; "'Vacuum" systems of, 
54 

Ventilator, air-brick, 53 ; Hinokes- 
Bird's, 50; Sheringham's, 51; 
Tobin's, 51 

Vin,egar, preparation of, 211 

Washing-ammonia, 5 

Washirig-soda, effeist on wool, 168 ; 
efflorescence of, 143; manu- 
facture of, 142 ; water-soften- 
ing action of, 116 

Water, artificial hardening of, 126 ; 
cause of hardness, 106, 107; 
contained in f <iel, 2 ; con- 
tamination of, 106 ; estimation 
of dissolved solids in, 120; of 
crystallization, 142 ; organic 
impurities in, 122 ; preparation 
of temporarily hard, 107 ; pro- 
duced during combustion, 4; 
removal of suspended matter 
in, 117; rough estimation of 
hardness of, 113; softening of, 
114, 115, 116, 117; solvent'^ 
action of, 150 ; storage of, 126 ; 
temporary hardness of, 110 

Water, tested foi ammonia, 122; 

colour, 120 ; -otganic impurities, 

124; lead, 125; nitrites, 123;' 

phosphates, 123; potability, 

, 120; smeU, 120 , 

'Water, use in_ polishing, 150 

Water-gas, nalure of, 76; use for 
_ eiirichment of ooaj-gas, 9 

Welsbaoh burner, 93 ; adjustment' 
of, 94; comparison with fish- 
tail, 96 . 

Welsbach flame, sterilizing effect 
of, 103' 

Welsbaoh mantle, S4, 92 ; method 
of making, 93 

Wheat sta;rch, microscopic appear- 
ance of, 176 

Whey, 230 

Whisky, 210 

White vinegar, 4, 211 ' 

Whiting, use as abrasive, 149 
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WicklesB oil stove, 81 Wood-tar preparation of, 3 

Wielioza, salt-mines of, 128 Wool, action of alkalis on IbS 
Window as ventilator, 49 estimation in mixed fabric. 

Wine 209 l'^^; microscopic appearance 

Wines, fortified, 210 of, 169 

Wire gauze as conductor of heat, . , , „„n 

gg° Xanthoproteic test, 229 

Wood, carbonisation of, 2; com- 

position of, 1; destructive Yeast, budding of 20, ;fermenta- 
distillation of, 3; transforma- tion produced by, 203 ; food of, 

tion into coal, 2 208; microscopic app.arauce 

Wood ashes, nature of, 12 of, 207 

Wood-gas, preparation of, 3 

Wood-spirit, 4, 150, 212 Zymase, 206, 209 
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